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EXECUTIVE  SUMMARY 


The  U.  S.  Army  has  an  Interest  In  the  potential  Inhalation  toxicity  of  a 
yellow  dye  (SY)  and  a  yellow/green  dye  mixture  (SY/S6)  used  In  colored  smoke 
munitions.  The  chemical  name  of  the  major  component  of  the  yellow  dye  Is 
2-(2'qu1nol1nyl)-l ,3-1ndandione  (QI)  (C.I.  Solvent  Yellow  33,  C.I.  47000)  and 
the  major  component  of  the  green  dye  Is  1 ,4-di-p-toluldinoanthraquinone  (TA) 
(C.I.  Solvent  Green  3,  C.I.  61565).  SY  contains  only  QI,  while  the  SY/SG  dye 
mixture  contains  30  percent  QI  and  70  percent  TA.  To  test  the  inhalation 
toxicity  of  these  materials,  exposure  atmospheres  of  SY  or  SY/SG  were 
generated  In  a  respirable  particle  size  range  and  used  for  Inhalation 
exposures  of  F344  rats  at  three  concentrations  for  6  hr/day,  5  days/week  for  a 
period  of  90  days.  The  purpose  of  these  studies  was  to  find  a 
no-observable-adverse-effect  level  for  each  dye  material.  Animals  were 
observed  for  signs  of  toxicity  at  the  end  of  each  exposure  and  after  a  30-day 
post-exposure  recovery  period.  For  these  studies,  the  biological  indicators 
of  toxicity  were  gross  clinical  observations,  changes  In  body  weight  gain, 
respiratory  function  measurements,  biochemical  and  cellular  analyses  of 
bronchoalveolar  lavage  fluid,  lung  tissue  enzyme  and  connective  tissue 
biochemistry,  blood  and  serum  chemistries,  and  hlstopathology  of  selected 
tissues.  This  report  describes  the  results  of  these  Investigations. 

In  the  90-day  Inhalation  exposure  to  SY  dye,  rats  were  exposed  to 
aerosols  of  SY  dye  at  average  concentrations  of  1.0  ±  0.2,  10.8  t  1.8  or  100  i 

3  - 

17  mg/m  (X  ±  SO).  The  average  particle  size  of  these  aerosols  ranged  from 
2.1  to  4.0  ym  (mass  median  aerodynamic  diameter)  with  the  higher  exposure 
concentrations  having  the  larger  particle  size.  The  geometric  standard 
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deviation  (og)  of  all  dye  aerosols  was  approximately  2.0.  After 
exposures.  It  was  found  that  very  little  SY  dye  (Ql)  was  retained  In  the 
lungs.  Indicating  the  SY  dye  was  rapidly  cleared.  Exposure-related 
hlstopathologlcal  lesions  consisted  of  the  accumulation  of  foamy  alveolar 
macrophages  In  lungs  of  rats  exposed  to  the  highest  concentration  of  SY  dye. 
Pigments,  probably  metabolites  of  quinoline  dye,  were  present  In  the  nasal 
cavity,  liver  and  kidneys.  Lesser  deposits  of  pigments  were  seen  In  the 
medium  exposure  concentration  group.  No  reaction  was  seen  to  these  deposits 
and  they  were  not  considered  an  adverse  effect.  The  body  weights  of  the 
animals  exposed  to  the  highest  concentration  averaged  4  percent  less  than 
controls  (p  <  0.05)  at  the  end  of  the  exposure,  but  returned  to  control 
values  after  the  30-day  recovery  period.  Except  for  these  differences,  no 
other  toxicological ly  significant  effects  were  seen. 

Rats  were  exposed  to  aerosols  of  SY/SG  dye  mixture  having  average 

3  _ 

concentrations  of  1.1  t  0.5,  10.2  ±  3.1  or  101  i  23  mg/m  (X  t  SD). 

The  average  particle  size  of  these  aerosols  ranged  from  2.8  to  4.2  pm  (mass 
median  aerodynamic  diameter)  with  a  of  approximately  2.0.  As  with  the 
studies  on  SY  dye  exposures.  It  was  found  that  the  01  component  of  the  SY/SG 
dye  mixture  cleared  from  lungs  at  a  very  rapid  rate.  However,  the  SG  portion 
of  the  SY/SG  dye  mixture  was  retained  In  lungs  for  a  much  longer  time.  Rats 
exposed  to  the  highest  concentration  of  SY/SG  dye  mixture  had  a  significantly 
lower  body  weight  after  the  90-day  exposures  than  controls,  approximately  7 
percent  less.  Analysis  of  bronchoalveolar  lavage  fluid  showed  an  Influx  of 
neutrophils  and  Increased  enzyme  activities.  Indicating  that  a  mild  pulmonary 
Inflammatory  response  occurred  In  high  level  SY/SG  exposed  rats. 
Exposure-related  hlstopathologlcal  lesions  consisted  of  minimal  to  slight  Type 
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II  pulmonary  epithelial  cell  hyperplasia  and  proliferation  of  foamy  alveolar 

macrophages  and  lymphoid  hyperplasia  In  the  tracheobronchial  lymph  nodes  of 

rats  exposed  to  the  highest  concentration  of  SY/SG  dye.  This  mild  response 

was  also  seen  In  some  of  the  medium  dose  animals,  but  no  lesions  were  observed 

in  the  low  dose  animals.  No  other  adverse  effects  were  observed. 

Pigments,  probably  metabolites  of  quinoline  dye,  were  found  In  the  nasal 

cavity,  liver  and  kidneys  of  the  high  and  medium  exposure  groups.  This 

pigment  deposition  was  not  considered  an  adverse  effect. 

In  summary,  minimal  hlstopathologlcal  lesions  were  observed  In  rats 

3 

exposed  to  up  to  100  mg/m  of  SY  dye  for  65  days  over  a  90-dav  period.  In 

3 

rats  exposed  to  the  SY/SG  dye  mixture,  an  exposure  concentration  of  10  mg/m 
was  sufficient  to  Induce  some  hlstopathologlcal  lesions  In  the  lung.  Thus, 

3 

the  no-observable-  adverse  effects  level  of  SY  was  10  mg/m  ,  and  for  SY/SG 

3 

It  was  1  mg/m  under  the  above  exposure  conditions.  It  Is  apparent  that  the 
SY/SG  dye  mixture  was  more  toxic  to  the  lung  than  Is  the  SY  dye.  This  is  a* 
least  partially  due  to  the  longer  retention  time  In  the  lung  for  the  SG 
portion  of  the  dye  mixture  as  compared  to  the  SY. 
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INTRODUCTION 


The  U.  S.  Army  needs  to  obtain  Information  on  the  Inhalation  toxicity  of 
the  dyes  present  In  colored  smoke  munitions.  The  major  concern  Is  for  the 
health  of  munition  production  workers  who  could  be  exposed  to  fine  dusts 
containing  the  dyes  during  production  of  the  smoke  munition.  In  the  project, 
•Studies  on  the  Inhalation  Toxicity  of  Dyes  Present  In  Colored  Smoke  Munitions 
(Project  Order  No.  83PP3807),*  the  Lovelace  Inhalation  Toxicology  Research 
Institute  (ITRI)  studied  the  Inhalation  toxicity  of  two  dye  materials:  a 
yellow  dye  ( SY)  and  and  yellow/green  dye  mix  ( SY/SG) .  The  chemical  name  of  the 
yellow  dye  Is  2-(2'-qu1nol1nyl)-l  ,3-1ndandio<’C  (QI).  Various  synonyms  used 
for  the  dye  Include  C.I,  solvent  yellow  33,  C.I.  47000  and  0  &  C  yellow  No. 

11.  The  green  dye  Is  1 ,4-dl-p-to ’uldlnanthraqulnone  (TA)  and  Is  also  called 
C.I.  solvent  green  3,  C.I.  61565  and  0  &  C  Green  No.  6.  The  yellow/green  dye 
mix  contains  approximately  30  percent  yellow  dye  and  70  percent  green  dye. 

The  smoke  munitions  contain  4?  percent  by  mass  of  the  dyes.  The  balance  of 
the  munition's  mass  Is  composed  of  potassium  chlorate,  magnesium  carbonate  and 


sucrose. 


The  work  was  conducted  In  four  phases,  Phase  I  included  standardization 
of  methods  for  generation  of  aerosols  of  the  test  materials  and  the 
physical/chemical  characterization  of  the  aerosols.  Phase  II  consisted  of 
range-finding  experiments  to  determine  acute  toxic  effects  from  exposure  to 
high  concentrations  of  the  dyes  and  to  select  exposure  concentrations  for  the 
next  two  phases  of  the  study.  In  Phase  III,  four-week  exposures  of  animals  to 
varying  concentrations  of  the  dyes  were  used  to  determine  the  lowest  exposure 


concentration  that  will  produce  pathological  changes.  Phase  IV  was  a  90-day 
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90-DAY  INHALATION  EXPOSURE  TO  SY  OYE 
Nominal  exposure  concentrations  selected  for  this  study  were  0,  1,  10, 

3 

and  100  mg/m  given  for  6  hours/day,  5  days/week,  for  a  period  of  90  days. 
These  concentrations  were  selected  on  the  basis  of  the  results  from  the  4-week 
exposures  to  SY  dye  (Phase  III).1  The  highest  level  was  selected  as  a 
concentration  expected  to  produce  minimal  toxic  responses.  The  lowest  level 
was  selected  as  the  lowest  concentration  that  could  be  consistently 
maintained.  The  middle  level  was  selected  as  a  concentration  that  differs  by 
a  factor  of  10  from  the  low  and  high  levels. 

Statistical  Analyses 

Where  possible,  computer  software  packages  such  as  BMDP,  RSI  or  Path/lox 

were  used  for  data  handling  and  analysis.  Standard  tests  applied  to  the 

experimental  data  were  one-way  analyses  of  variance  followed  by  tests  for  the 

2 

equality  of  means,  such  as  simple  t-tests  or  multiple  comparison  t-tests. 
Usually  a  confidence  level  of  0.05  was  used,  although  In  some  cases 
significance  was  expressed  In  much  smaller  or  much  larger  values. 

Chemicals 

SY  was  supplied  by  the  U.  S.  Army  Medical  Bioengineering  Research  and 
Development  Laboratory  (Fort  Detrick,  Frederick,  MD).  The  purity  of  this  dye 
material  (01)  was  93  percent  and  was  used  without  further  purification. 

Animals 

Hale  and  female  Fischer-344  (F344/N)  rats,  15-20  weeks  of  age  were  used 
for  this  study.  The  rats  were  obtained  from  an  existing  colony  at  the 
Inhalation  Toxicology  Research  Institute,  Disease  surveillance  monitoring  of 
the  rat  breeding  colony  Is  conducted  at  quarterly  Intervals.  Thirty  weanling 
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F344  rats  (15  males,  15  females)  are  assigned  to  one  of  23  available  rat 
housing  rooms.  Room  assignments  are  made  from  a  randomized  list  of  animal 
rooms.  Of  the  thirty  animals  assigned  to  a  room,  10  (5  of  each  sex)  are 
sacrificed  for  surveillance  at  3  months  of  age,  10  at  one  year  of  age,  and  10 
at  2  years  of  age.  This  system  results  In  3  age  groups  and  3  animal  rooms 
being  surveyed  every  3  months.  The  animals  are  anesthetized  and  blood  Is 
collected  prior  to  sacrifice.  The  serum  Is  diluted,  heat-inactivated  and 
submitted  to  Microbiological  Associates  (Bethesda,  MO)  for  serologic  testing 
for  Sendai  virus,  rat  corona-vIrus/Slalodacryodenltls  virus  (RCV/SDAV), 
Reovlrus  type  3  (Reo  3),  Theller's  encephalomyelitis  virus  (60  VII),  Toolan's 
H-l  virus  ( H— 1 ) ,  Kllham  rat  virus  (KRV),  Lymphocytic  choriomeningitis  (LCM) 
and  Mycoplasma  pulmonis.  Bacterial  cultures  are  also  performed  on  swabs  or 
tissue  samples  from  the  nasal  cavity,  lung,  spleen,  liver,  kidney  and  cecum. 
Media  have  been  selected  to  Identify  the  major  bacterial  pathogens  of 
rodents.  Following  collection  of  samples  for  bacterial  culture,  a  complete 
necropsy  Is  performed.  Tissues  from  all  major  organs  and  any  gross  lesions 
are  collected  and  processed  for  hlstopathology .  During  the  necrospy,  the  skin 
Is  examined  grossly  for  signs  of  ectoparasites,  skin  scrapings  are  taken  if 
Indicated,  and  a  section  of  skin  Is  processed  for  hlstopathology.  Fecal 
material  and/or  cecal  contents  are  examined  for  Internal  parasites  by  fecal 
floatation. 

At  the  age  for  experimental  use,  rats  were  moved  to  Hazleton  2000 
exposure  chambers  for  at  least  3  weeks  before  exposures  to  acclimate  them  to 
that  environment  and  to  ascertain  their  physical  well  being.  Rats  were 
assigned  to  experimental  groups  by  a  randomization  program  on  the  Path/lox 
computer  system  (Xyblon  Medical  Systems  Corp.,  Cedar  Knolls,  NJ)  according  to 
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body  weight.  Rats  were  uniquely  Identified  using  ear  tags.  During  these 
studies  all  animals  were  given  food  (Wayne  Lab  Blox)  and  water  ad  libitum 
except  that  food  was  withheld  during  exposure  periods. 

Inhalation  exposure  chambers  were  m’lntMned  at  75  t  3*F  and  35-70 
percent  relative  humidity.  This  temperatu.  above  that  normally  found  In 
an  animal  room  (72  ±  2°F)  In  order  to  compens  for  body  heat  loss  due  to 
chamber  airflow.  Chamber  airflow  rate,  temperature,  humidity,  and  pressure 
relative  to  the  room  were  monitored  throughout  this  study.  Temperature  and 
humidity  measuring  devices  were  calibrated  and  checked  before  Initiation  of 
the  study.  At  the  time  of  sacrifice  rats  were  euthanized  by  Intraperltoneal 
Injections  of  T-61  euthanasia  solution. 

Animal  Exposures 

Aerosols  of  SY  dye  material  were  generated  using  a  Jet-0~M1zer  air  jet 

3  4 

mill  as  previously  described.  ’  Four  Hazleton  2000  chambers  (Hazleton 
Systems.  Inc.,  Aberdeen.  MO)  containing  6  tiers  of  animal  cages  (10-16  rats 
per  tier)  were  used  for  these  whole-body  inhalation  exposure  studies.  For 
these  studies,  392  rats  (196  males  and  196  females)  were  entered  Into  each 
exposure  chamber  In  four  groups  (1  control  and  3  treated  groups).  Immediately 
after  the  last  day  of  exposures,  a  portion  of  the  animals  (132  males  and  132 
females)  were  taken  for  toxicological  evaluations,  while  the  remaining  animals 
from  each  of  the  four  exposure  groups  were  held  for  30  days  to  determine  If 
animals  could  recover  from  any  exposure-related  toxic  responses. 

The  SY  exposure  concentration  was  determined  gravimetrical ly  from  filter 
samples  taken  dally  from  each  exposure  chamber.  Particle  size  of  the  dye 
material  was  measured  using  a  Lovelace  Multi-Jet  cascade  impactor.  These 
particle  size  measurements  were  taken  each  day  during  the  first  week  of 
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exposure  and  then  at  the  Intervals  shown  In  Table  1.  Concentration  and  size 
characteristics  of  the  exposure  atmospheres  for  each  exposure  chamber  for  each 
exposure  day  are  shown  In  Table  1.  The  dally  concentrations  were  1.0  ±  0.2, 
10.8  ±  1.8  and  100  t  17  mg/m3  (X  t  SO).  The  coefficient  of  variation  of 
dally  aerosol  concentrations  was  between  17  and  20  percent. 

Clinical  Observations 

Oetalled  clinical  observations  were  performed  on  all  animals  before 
exposures  to  ensure  that  they  were  In  good  health.  Detailed  clinical 
observations  were  also  done  twice  dally  throughout  the  exposure  period  and 
during  the  30-day  recovery  period.  The  animals  were  also  observed  twice  dally 
for  morbidity  and  mortality.  No  clinical  abnormalities  were  noticed  and  all 
animals  survived  to  sacrifice  times. 

Animal  Body  Weights 

Ourlng  the  90-day  exposures,  a  subset  of  both  male  and  female  rats  (n  «= 

20  per  sex)  from  each  exposure  chamber  (Including  the  control  chamber)  were 

weighed  on  a  weekly  basis.  This  same  subset  of  animals  were  held  for  the 

30-day  recovery  time  and  also  weighed  at  the  end  of  this  recovery  period. 

Body  weights  measured  throughout  the  study  are  summarized  In  Table  2.  Before 

exposures,  animal  weights  did  not  differ  among  the  different  exposure  groups. 

However,  after  exposures  rats  exposed  to  the  highest  level  of  SY  dye  (100 
3 

mg/m  )  gained  weight  at  a  slightly  slower  rate  than  controls.  At  the  end  of 
exposures,  these  high  level  exposed  rats  weighed  approximately  4  percent  less 
than  the  control  animals  (for  the  null  hypothesis  P  <  0.05  In  Dunnett's 
multiple  comparisons  procedure).  Ourlng  the  30-day  post-exposure  recovery 
period,  the  weights  of  male  rats  exposed  to  the  highest  level  of  SY  dye 
returned  to  control  male  animal  weight  values,  whereas  the  body  weights  of 
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Table  1 

SY  Aerosol  Concentration  and  Size  Characteristics  for  the 
90-Day  Inhalation  Study 


(me  )  (um) 


Cone. 

(mg/m^) 


MCDIUM 

HHAD 

(wn») 


Cone .  _ Jj 

3 

(mg/m  )  (pm) 


7 

2.3 

14 

7 

2.2 

2.0 

7. 

8 

2.2 

2.0 

10 

0 

2.2 

2.0 

10 

1 

?.l 

2.0 

10 

1 

8 

0 

2.3 

2.4 

13 

1 

11 

3 

10 

9 

10 

1 

2.1 

1 .9 

12 

1 

11 

9 

12 

6 

12 

3 

16 

6 

2.0 

1  .9 

13 

9 

13 

0 

16 

1 

9 

7 

10 

1 

10 

1 

2.1 

1  .9 

10 

1 

11 

9 

9 

2 

8 

9 

8 

9 

2.1 

1  .8 

1? 

8 

12 

1 

13 

1 

9 

3 

12 

5 

12 

0 

2.0 

2.0 

10 

1 

8 

4 

9 

0 

9 

1 

10 

0 

2.0 

1 .9 

9 

9 

9 

y 


Table  1  (Continued! 


LOW 

MEDIUM 

HIGH 

Cone . 

■■HUP 

a 

MBHHI 

MM  AD 

Cone . 

MM  AD 

(mg/m3) 

(Pm) 

b 

!a_ 

(mg/m3) 

(pm) 

(mg/m3) 

(pm) 

!a_ 

40 

1.2 

10.7 

94 

41 

1.3 

10.3 

103 

42 

1.3 

11.5 

71 

43 

0.9 

2.0 

2.1 

9.6 

3.2 

2.0 

66 

3.7 

2.0 

44 

1.1 

12.8 

120 

45 

1.2 

10.8 

109 

46 

0.9 

10.0 

96 

47 

0.9 

10.8 

97 

48 

0.9 

2.1 

1 .9 

10.5 

3.1 

1.9 

90 

3.9 

2.0 

49 

1.1 

10.3 

98 

50 

0.8 

9.6 

99 

51 

1.3 

9.8 

100 

52 

1.2 

10.8 

105 

53 

1.2 

12.2 

3.6 

2.1 

113 

3.6 

1.8 

54 

1.0 

2.1 

2.2 

12.5 

135 

55 

0.9 

8.1 

103 

56 

0.8 

10.4 

117 

57 

0.9 

9.4 

96 

58 

1.1 

2.3 

2.2 

9.8 

2.8 

2.1 

112 

4.2 

2.1 

59 

1.0 

8.7 

129 

60 

1.1 

10.5 

115 

61 

0.9 

10.3 

100 

62 

0.9 

2.1 

2.1 

10.8 

3.1 

2.1 

82 

3.4 

2.0 

63 

0.9 

7.2 

98 

64 

0.9 

8.5 

105 

65 

1 .0 

9.7 

122 

X 

1.0 

2.1 

2.0 

10.8 

2.9 

2.0 

100 

4.0 

2.0 

SO 

±0.2 

±0.1 

±0.1 

±  1 .8 

±0.3 

±0.1 

±  17 

±0.4 

±0.1 

Daily  chamber  concentrations  were  determined  by  the  mean  of  3  two-hour 
samples  taken  during  the  day. 


aMMAD  =  mass  median  aerodynamic  diameter 
geometric  standard  deviation 
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aAverage  animal  weight  (grams) 


female  rats  exposed  to  the  highest  level  of  SY  dye  remained  significantly 
lower  than  control  female  body  weights. 

Lung  Content  of  QI  After  Exposure  to  SY  Dve 

On  the  day  after  the  last  exposure  day,  lungs  from  six  rats  (three  male 
and  three  female)  from  each  chamber  (low,  medium  and  high  concentration)  were 
analyied  for  QI  content.  Animals  were  sacrificed  and  lungs  removed,  with  care 
to  avoid  contamination  with  yellow  dye  on  the  pelt.  Each  lung  was  homogenized 
In  1.5  ml  of  acetonitrile  and  centrifuged,  and  the  supernatant  was  removed. 

The  pellet  was  resuspended  In  2  ml  acetonitrile,  centrifuged,  and  the 
supernatant  removed.  This  procedure  was  repeated  three  more  times. 

Preliminary  experiments  In  which  excised  control  lung  lobes  were  directly 
Injected  with  a  syringe  with  a  known  amount  of  SY  dye  dissolved  in 
acetonitrile  prior  to  homogenization  showed  that  this  extraction  procedure 
removed  94  percent  of  the  QI.  The  combined  supernatants  were  diluted  to  JO  ml 
and  analyzed  for  QI  by  HPLC  using  the  following  conditions: 

—  reverse  phase  column  (Alltech  C-18,  10p;  25  cm  x  4.6  mm) 

—  9:1  acetonitr11e:water  mobile  phase  (1  ml/min) 

—  UV  detection  at  435  nm 

The  results,  shown  In  Table  3,  demonstrate  that  very  little  QI  was  retained  In 
the  lung.  Thus,  the  majority  of  the  QI  deposited  in  lungs  during  exposures 
was  cleared  at  a  rapid  rate.  Assuming  10  percent  pulmonary  deposition  of 
Inhaled  SY  dye  aerosol^  and  a  minute  volume  of  200  ml/min,  720  pg  of  SY 
dye/day  should  have  been  deposited  In  animals  exposed  to  the  high 
concentration.  Of  the  amount  calculated  to  be  deposited  during  only  the  last 
day  of  exposure,  only  ~  0.2  percent  remained  16  hours  after  exposure.  This 
finding  Is  similar  to  the  results  found  in  the  four-week  exposure  of  rats  to 
SY  dye  aerosols  (Phase  III).1 
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Table  3 


Lung  8urden  of  01  After  a  90- 


AerosoT 

Concentration 


Male  1 

10 

100 

female  1 

10 

100 
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Exposure  to  SY  Oye 


0.025  ±  0.007 
0.10  +  0.04 


1.3  +  0.2 


Respiratory  Function 


The  respiratory  function  of  8  male  rats  and  8  female  rats  at  each 
exposure  level  (control,  low,  medium  and  high)  was  measured  before  exposures 
began,  at  the  end  of  the  90-day  exposures  and  at  30  days  after  the  end  of 
exposures,  using  methods  previously  published.6  Each  rat  was  anesthetized 
with  halothane  In  air.  Intubated  with  orotracheal  and  esophageal  catheters  and 
placed  prone  In  a  plethysmograph.  Breathing  patterns  and  dynamic  lung 
mechanics  were  measured  during  spontaneous  breathing.  Prior  to  each 
subsequent  test  procedure,  the  rat  was  hyperlnf lated  manually  to  +20  cm  H?0 
transpulmonary  pressure  to  stimulate  pulmonary  stretch  receptors,  and  the 
various  Inflation-deflation  cycles  were  performed  during  the  ensuing  periods 
of  apnea.  The  rat  resumed  spontaneous  respiration  between  each  procedure  and 
tts  anesthetic  depth  and  breathing  pattern  were  stabilized.  Measurements 
Included  all  physiologic  subdivisions  of  lung  volume,  quasistatic  (slow) 
pressure-volume  relationships,  carbon  monoxide  (CO)  diffusing  capacity,  forced 
exhalation  and  single-breath  N?  washout.  Thirty-seven  variables  were 
measured  or  calculated  for  each  rat,  providing  Information  on  various  aspects 
of  lung  respiratory  function:  ventilation,  lung  mechanics,  gas  distribution 
and  gas  exchange. 

All  data  were  summarized  by  measurement  period  and  exposure  group.  The 
group  data  were  compared  at  each  measurement  time  using  analysis  of  variance 
(8MDP  Statistical  Software,  University  of  California,  Los  Angeles).  Values 
for  each  exposed  group  were  compared  to  those  of  the  controls  by  the  Student's 
t-test  adjusted  for  multiple  comparisons  using  the  Bonferronl  Inequality.  The 
criterion  for  statistical  significance  was  set  at  the  95  percent  confidence 
level  for  all  comparisons. 


The  results  are  summarized  in  Tables  4  (pre-exposure),  5  (Immediately 
after  exposure)  and  6  (30  days  after  exposure).  Mean  values  different  from 
control  means  at  the  95  percent  confidence  level  are  Indicated  In  the  tables 
with  an  asterisk.  There  were  no  significant  differences  among  the  groups 
before  exposure  (Table  4).  At  the  end  of  exposure  (Table  5),  the  only 
significant  difference  was  a  lower  volume-normalized  CO  diffusing  capacity  In 
the  high  level  group  as  compared  to  controls.  A  slightly  lower  diffusing 
capacity  and  slightly  higher  alveolar  volume  (measured  by  gas  dilution  during 
the  diffusing  capacity  test)  combined  to  produce  the  significant  difference. 

At  30  days  after  the  end  of  exposure  (Table  6),  the  only  significant 
difference  was  a  lower  volume-normal Ized  forced  expiratory  flowrate  at  10*  of 
forced  vital  capacity  (l.e.,  flow  rate  at  low  lung  volume).  As  with  diffusing 
capacity,  this  resulted  from  nonsignificant  differences  In  the  two  variables 
used  to  calculate  the  parameter. 

These  results  Indicate  very  little  effect  of  the  90-day  SY  dye  exposure 
on  respiratory  function.  Values  for  single  parameters  differed  significantly 
between  controls  and  high-level  exposed  rats  after  exposure  and  30  days 
later.  However,  these  differences  did  not  comprise  a  recognizable  pattern  of 
physiological  change,  nor  were  they  supported  by  trends  in  related 
parameters.  Thus,  In  the  absence  of  supportive  significant  differences  or 
consistent  trends,  the  high  exposure  level  can  be  considered  to  have  caused  no 
decrement  1  r.  respiratory  function. 


tesplretory  Function  of  (its  Before  ST  Dye  Exposure** 


tesptratory  faoctloo  of  tats  30  Oays  After  the  End  of  W-Oay  ST  Dye  Exposures 


From  the  results  of  the  4-week  exposure  of  rats  to  SY  (Phase  III),1  we 
suggested  It  was  Important  to  look  for  Indications  of  emphysematous  changes  In 
rats  exposed  to  SY  for  a  longer  time.  In  the  90-day  exposed  rats  there  was  no 
Indication  of  any  development  of  emphysematous  lesions. 

Lung  Biochemistry 

Lung  damage  was  assessed  by  the  analysis  of  bronchoalveolar  lavage  (BAL) 
fluid.  Previous  studies  have  shown  this  to  be  a  useful  method  to  detect  an 
Inflammatory  response  In  lungs  following  Inhalation  of  toxic  materials.7 

Analysis  of  BAL  fluid  was  done  after  6  weeks  as  well  as  after  13  weeks 
of  exposure  and  at  the  17  week  time  point  (30  days  after  end  of  exposure). 
Parameters  measured  In  BAL  fluid  Included  total  and  differential  cell  counts, 
lactate  dehydrogenase.  B-glucuronIdase,  acid  phosphatase  and  total  protein. 
There  was  no  Indication  of  any  Inflammatory  response  In  the  lung  at  any  time 
point  (Table  7).  There  was  a  slight  decrease  In  the  number  of  macrophages 
recovered  from  some  of  the  exposed  animals.  However,  the  significance  of  this 
Is  unknown  since  there  was  no  concomitant  Increase  In  lysosomal  enzymes  or  In 
lactate  dehydrogenase  to  Indicate  that  macrophages  had  been  lysed. 

Statistical  analysis  of  these  data  was  by  analysis  of  variance  followed  by 
Bonferronl  pairwise  comparisons  of  means. 

lung  tissue  and  lavage  fluid  protelnolytlc  activity  were  also  measured 
In  control  rats  and  rats  exposed  to  SY  dye  aerosols.  The  data  were  compared 
statistically  using  the  Student's  t-test  corrected  for  3  comparisons.  Results 
showed  no  differences  In  these  activities  between  control  and  exposed  rats 
after  the  90-day  exposures  (Table  8)  or  after  the  30-day  recovery  period 
(Table  9). 
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as  Observed  In  Bronchoalveolar  Lavage  Fluid 


OOO 
w  wn  m 

co  wo  in 
... 

i-  O 

<  OJ  M 

OOO 

CO  ^  e— 

•  •  • 

OOO 

«  * 
OOO 
r-  ui 

CVOf- 

£ 

01 0 
■*“  0 

+1  +1  +1 

+  1  +1  +1 

+1+1  +t 

+1+1+1 

+  1  +1+1 

+1+1+1 

r*  (M 

\0 

fd  vO  P 

OOO 

31  —  0 

at  a*  c-> 

CD  31  O 

r~  ^ 

PsJ  r—  r— 

OOO 

O  (V  ifl 
Oi/im 

n  in  o 
u> 

E 

OOO 

CD  N  M 

r*  m  O 

<\J  f—  e— 

3  (\J  M 

OOO 

PJ  e-  CNJ 

OOO 

OOO 
^  r** 

f-  1 n 

3  00 
•r-  • 

t>  0 

Ol  r- 

+  1  +1  +1 

+  1+1  +1 

+1  +1  +1 

+1  +1  +1 

+1  +1  +1 

+1  +1  +1 

r*  co  f— 

(M  f"  1- 

O  ui  o> 

x 

OOO 
m  c-  m 
sn  co  co 

<m  0  0 

M  f  (V/ 

(VJ  r*  ^ 

OOO 
vO  rs  01 

CT*  to  sO 

(Ni  r~  00 

OOO 

&  Cst 

0  0 

»—  CVf  ^ 

co  cm 

OOO 

odd 

« 

OOO 
O  lOO 

V  tfi  M 

cn 

+1  +1  +1 

+  1  +1  +1 

+1  +1  +1 

+  1  +1  +1 

+  !  +1  +1 

+1  +1  +1 

—1 

OOO 
.C  CO 

V  CO  CO 

PU  U“1  <\J 

OS  Psl  PU 

P—  os  <0 

CD  «— 

OOO 

OS  vO  00 
p-  w>  ^ 

o»  0  ^ 

vr> 

OOO 
^  CO  CO 

1.1 

1.8 

0.6 

Po  ^  PJ 

OOO 

ddd 

OOO 
1—  00  31 

r— 

CM  ' —  lO 

0 

u 

*M  O 
C 

+  1  +1  +1 

+1+1+1 

CD  r«  iO 

4-1  4|  41 

OD  i/l  c- 

41  41  4| 

\D  * 

+1  +1  +1 

+  1  +1  +1 

<-> 

OOO 
CO  00  3< 
V  CO  CO 

CD  e-  PJ 

t—  PJ  »— 

OOO 

V  W1  00 

0  00  00 

P>  CD  — 
CM  ♦— 

.O 

U 

Sacrlf 

Week 

r- 

• 

oi 

tn 

<d 

c 

01 

O  CO  r-* 

^  n  p 

sO  CO  r* 

co  r— 

n  p 
r— 

4»  Ol 
ft  0> 
3  u 
O  4-»  C 
Ol  o> 

4-»  ^2 
£  Ol 
91 

•T1  O'  ^ 


glQ  IQ  i/1 

ft  => 

z  E 

*A  4-»  *T3 

5C  W  <0 

I  0  - 

o>  c  <0 

u  1—  •  o  J 

>*  1/1 

>*-  L.  l.  ■*-  w> 


4> 

4-* 

O 

3 

1. 0 

£  w- 

c 

U 

*4- 

*c->  ID 

» 

+*  O 

3 

w 

c 

Q- 

O 

O 

ID 

TJ 

E 

VI 

>t  4-> 

CJ 

\A 

O 

£>  JC 

O 

a> 

T3 

u 

cn  m 

TD 

a> 

a. 

t>  *»- 

C 

4-* 

4> 

4>  ft 

O 

O 

«n 

ID 

i/l 

4> 

^  5 

4~» 

w 

r— 

•r— 

ID 

c 

a> 

•D 

O) 

3 

>  4-» 

m 

L. 

k. 

C 

m 

ft 

1 

T9  5 

0) 

ID 

<D 

ID 

in 

O 

CL 

a> 

-J  C 

•0 

3 

<  ^ 

4-» 

c 

i/i 

+-» 

OD  ft 

<D 

2 

O 

C 

0 

E 

O 

Q 

O 

Cl 

c 

a> 

X 

k. 

>» 

0) 

i. 

4> 

a> 

dC 

j=  u  so  a> 

•o  4->  41  !/>-.-  >>  W-  •“ 

4)  C  O  >*-  C  C  <— 

u  c  c  a.*-  id  o  s 

Q>  -r-  <2  XU  OOC 

>  E  HUE 

O  4)  *  O  >0) 

U  O  1/1  « f  in  L  £  C 

4>  C  1-  O  w_  +J 

U  4)  C.  J* 

v.  4->  i/>  a>  >>  u*>  u- 

1—  4)  -X  4>  k.  O  O 

idu.  c  a»  1  a»  • 

*r  f-  4>  >  O  C 

U  5  r»  O  .O 

4irr  1—  o  vl~- 

+j  o  o  *j  * 

ffl  i —  fst  4>  I.  CL  u  VI 

6  id  •«-  •  u  sz  4<  a. 

Ur  l/>  4lh  1/1  » i--)  3 

u-  m  +->  *-*  IQ  1/1  A)  O 

O  6  .c  w-  3  4>  o  L. 

Irt  L  31  IQ  •  3  Dl 

I/I  o  *r"  4>  ^  U 

■i-»4->C4/4>i/'A-*D©a-* 

c  ig  j  3  .*  4/  >  1*-  e 

3  +■>  4>  S  4>  4) 

§ni.oi6ti*ii->E 

0)  c  2  o  fc.  +-» 

ID  O  J  3  l/>  A-  1.  IQ  IQ 

C  —  IQf)*-  4J  «  «l 
1—  t/i  >  1—  C  t/l  W. 

|Q  1/1  4/  4  W  41  o  9M-1 

*/  iq  3  —  a>  COO 

O  J  >—  5  O  4)  4»  CD 

+»  /OH—  k-EEc 

4)  >  4/  w-  3  £•  O  4* 

+->  L.  u.  ir  in  (1  L  9/  C 

C  4)  4)  t-  o  *-■  u-  3  +-> 

9l  £  £  1/  u  a  9)  1— 

ml—  I—  3  ID  X  "O  1-  ID  *- 

4)  1/11/14/  4/  >  O 

V-  fc.  O  n-  1 

a.  •  •  a*  E  4/  4-»  i^  *■>  c 

ti  pi  a  >  »•  r  *-  o 

k-  3  »-  4->  4>  TJ  —  W 

C  O  41  4/  l-  <D 


IP  CO 

4P  CO 

Cl 

.  .  0>  E 

0i 

<L' 

0> 

a,  cl  >  •*- 

£ 

Cr»  <— 

•r- 

k. 

3  l- 

4-> 

• 

ID  0> 

wC  01 

C  O  01  01 

c 

£  W 

cl  v 

vo 

W  r—  4-* 

w 

O. 

O 

01 

a>  «d  c 

O 

on 

ucn 

3 

as  c  *»- 

w-» 

k.  0 

4-»  O 

f— 

c  01 

T> 

0 

u  ^ 

3  e- 

ID 

3£i-  C 

C 

i- 

«D 

01 

> 

*-  4-»  O  < 

01 

a. 

Z 

Z  ! 

ID 

43 

list 


28 


Table  8 


Long  and  Lavage  Fluid  Proteinolytlc  Activity  In 
Rats  Exposed  to  SY  Oye  for  90  Days 


mg  protein  released/hr/q  1unqa 


Lung  Tissue:  Control 


Total  Acid  Proteinase 

10.3 

+  1.0 

Cathepsln  Db 

8.1 

+  0.8 

Cathepsln  Bc 

2.2 

±  0.5 

Total  Neutral  Proteinase 

1.9 

+  0.6 

Macrophage 

Elastased 

0.9 

±  0.6 

Cathepsln  G+  Neutrophil 

Elastasee 

1 .0 

±  0.1 

Lavaqe  Fluid: 

Total  Acid  1  -otelnase 

3.5 

+  0.6 

Cathepsln  0 

2.1 

+  0.4 

Cathepsln  B 

1.4 

♦  0.5 

Low  Medium  High 


9.9  ♦  1.3  10.3  ± 

8.4  ♦  0.8  8.0  + 

1.6  +  0.6  2.3  + 

1 .4  +  0.2  1.2  + 

0.4  ±  0.1  0.3  + 

1.0  ♦  0.1  1 .0  ♦ 


4.3  +  0.5  4.0  + 
3.0  +.  0.4  2.9  + 
1.5  ♦  0.4  1.1  + 


1.0 

10.9 

+  1.0 

0.9 

8.5 

♦  0.6 

0.2 

2.4 

+  0.6 

0.1  ' 

1.2 

+  0.1 

0.1 

0.3 

l+ 

o 

0.1 

0.9 

i+ 

o 

0.3 

4.3 

+  0.5 

0.8 

2.7 

+  0.5 

0.8 

1.6 

+  0.4 

aMean  ♦  SE  (N  =  5-6).  No  differences  were  seen  when  the  data  were  compared 
using  the  Student's  t-test  corrected  for  3  comparisons.  Also,  no  differences 
were  noted  In  lung  weights  among  the  different  exposure  groups. 

**not  Inhibited  by  leupeptin 
inhibited  by  leupeptin 
inhibited  by  1,10  phenanthrol ine 
enot  Inhibited  by  1,10  phenanthrol Ine 


Table  9 


Lung  and  Lavage  Fluid  Protelnolytlc  Activity  In  Rats  Exposed 
to  SY  Oye  for  90  Oays  and  Allowed  to  Recover  for  30  Oays 


>rote1n  released/hr/q  lung8 


lung  Tissue:  Control 


Total  Acid  Proteinase  9.6  ±  0.5 

Cathepsln  Dc  8.1  ♦  0.6 

Cathepsfn  Bd  1.4  ♦  0.5 

Total  Neutral  Proteinase  0.3  +  0.1 

Macrophage 

Elastasee  0.1  +  0.1 

Cathepsln  G+  Neutrophil 
Elastasef  0.2  +  0.1 

Lavage  Fluid: 

Total  Acid  Proteinase  2.8  ♦  0.2 

Cathepsln  0  ,  1.0  ♦  0.2 

Cathepsln  B  1.8  i  0.3 


10.5  t  1.1 
8.4  +  0.7 
2.1  +  0.5 

0.3  t  0.1 

0.2  +  0.1 

0.1  +  0.1 


2.8  t  0.3 

1.0  ♦  0.2 

1 .9  ♦  0.3 


Medium  _  Hlgl 


9.8  ♦  0.7 

7.8  +  0.5 
2.0  +  0.4 

0.2  ♦  0.1 


0.5  +  0.2 


2.6  +  0.1 

1.3  +  0.5 

1.4  +  0.6 


9.4  ±  0.6 
8.3  +  0.5 
1.1  ±  0.4 

0.3  +  0.1 

0.2  +  0.1 

0.1  +  0.1 


2.2  +  0.1 
0.5  +  0.1 
1.6  +  0.2 


aMean  +  SE  (N  *  5-6) .  No  differences  were  seen  when  the  data  were  compared 
using  the  Student's  t-test  corrected  for  3  comparisons.  Also,  no  differences 
were  noted  In  lung  weights  among  the  different  exposure  groups. 
bN0  *=  none  detected. 
cnot  Inhibited  by  leupeptln 
inhibited  by  leupeptln 
inhibited  by  1,10  phenanthrol ine 
*not  Inhibited  by  1,10  phenanthrol Ine 
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Lung  Connective  Tissue  Biochemistry 


Total  lung  collagen  and  airway  fluid  hydroxyprollne  content  were 
measured  In  both  control  and  ST  dye  exposed  rats.  Results  showed  no 
differences  between  control  and  exposed  animals  for  these  parameters  after  the 
90-day  exposure  period  (Table  10)  or  after  the  30-day  post-exposure  recovery 
time  (Table  11).  Results  were  compared  statistically  using  the  Student's 
t-test  corrected  for  3  comparisons. 

Hematology  and  Serum  Clinical  Chemistries 

Hematology  and  serum  clinical  chemistry  determinations  were  done  on  rats 
exposed  to  SY  over  a  90-day  period  and  on  serum  from  exposed  rats  that  were 
allowed  to  recover  for  30  days.  The  parameters  measured  In  these 
determinations  are  listed  on  Table  12.  No  hematologic  parameters  were 
affected  by  exposure  to  yellow  dye.  However,  marginal  reductions  in  serum 
alkaline  phosphatase  and  serum  glutamic  pyruvic  transaminase  (SGPT)  activities 
In  serum  were  seen  after  90  days  of  exposure  to  the  highest  concentration  of 
SY  dye  (Table  13).  These  changes  returned  to  normal  after  the  30-day  recovery 
period  (Table  14).  Total  bilirubin  and  cholesterol  concentrations  In  serum 
were  Increased  after  90  days  of  exposure  to  the  highest  level  of  yellow  dye. 
The  serum  enzyme  changes,  along  with  Increased  bilirubin  and  cholesterol, 
suggest  minimal  hepatic  dysfunction  which  was  no  longer  present  30  days 
post-exposure.  No  other  exposure  levels  were  affected,  and  this  Increase  was 
no  longer  present  after  the  30-day  recovery  period.  Thyroxine  was  not 
significantly  affected  by  exposure  to  yellow  dye  (Tables  13  and  14). 

Hlstopathology 

Ten  males  and  ten  females  from  each  exposure  group  and  time  were 
sacrificed  by  intraperltoneal  Injections  of  T61  and  examined  for  gross 
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Table  10 


Lavage  Fluid  and  Lung  Tissue  Collagen  for  Rats  Exposed 
to  SY  Oye  for  90  Days 


Lavage  Fluid  Collagen 
( uQ/q)* 

Total  Lung  Collagen 
(mq/q)* 

Control 

31+4 

18  +  1 

Low 

34  +  5 

19  +  2 

Med  1  urn 

35  +  5 

16  +  1 

High 

38  +  8 

15  +  1 

♦Normalized  to  grams  of  lung  weight  (mean  +  SE;  n  =  5-6).  No 
differences  were  seen  when  the  data  were  compared  using  Student's 
t-test  corrected  for  3  comparisons.  Also,  no  differences  were 
noted  In  lung  weights  among  the  different  exposure  groups. 


Lavage  Fluid  and  Lung  Tissue  Collagen  for  Rats  Exposed 
to  SY  Dye  for  90  Days  Followed  by  30  Days  of  Recovery 


Lavage  Fluid  Collagen 
(ud/q)* 

Total  Lung  Collagen 
(mq/q)* 

Control 

36  +  3 

15  +  1 

Low 

30  +  4 

17  +  1 

Medium 

38  +  4 

16  +  1  . 

High 

35  +  5 

15  +  1 

♦Normalized  to  grams  of  control  lung  weight  (mean  +  SE;  n  =  6) . 
No  differences  were  seen  when  the  data  were  compared  using  the 
Student's  t-test  corrected  for  3  comparisons.  Also,  no 
differences  were  noted  In  lung  weights  among  the  different 
exposure  groups. 


Table  12 


Hematology  and  Serum  Clinical  Chemistry  Measurements  on  Rats 
Exposed  by  Inhalation  to  ST  or  SY/S6  Oye  Aerosols  for  90  Days 


a.  Hematology: 

1)  Hematocrit 

2)  Hemoglobin  concentration 

3)  Erythrocyte  count 

4)  Erythrocyte  indices  (mean  cellular  volume,  mean  cellular  hemoglobin, 
mean  cellular  hemoglobin  concentration) 

5)  Leukocyte  count,  total 

6)  Leukocyte  count,  differential 

b.  Serum  Chemistry: 

1)  Total  protein  and  albumin 

2)  Serum  *emma-glutamyl  transpeptidase* 

3)  Serum  glutamic  pyruvic  transaminase 

4)  Serum  alkaline  phosphatase 

5)  Bilirubin  (total) 

6)  Blood  urea  nitrogen 

7)  Creatinine 

8)  Calcium 

9)  Phosphorus 

10)  Sodium 

11)  Potassium 

12)  Chloride 

13)  Glucose 

14)  Cholesterol 

15)  Thyroxine  (T.) 

4 


*No  activity  detected  following  the  SY/SG  exposures.  Therefore,  not  measured 
after  the  SY  exposures. 
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Biochemistry: 

Alkaline 


Table  13 

Clinical  Pathology  Values  of  Rats 
Exposed  to  $Y  Dye  for  90  Oays 

(X  i  SE,  n  «  11-12) 

Control  Low _  Medium 


High 


Phosphatase 

(IU/L) 

72 

+ 

6 

67 

+ 

7 

63 

+ 

5 

57 

♦ 

4* 

SGPT 

(IU/L) 

40 

+ 

7 

36 

♦ 

5 

33 

+ 

2* 

32 

+ 

1* 

Total  bilirubin 
(mg/dL) 

0.29 

+ 

0.03 

0.30 

+ 

0.05 

0.35 

+ 

0.04 

0.38 

+ 

0.03* 

■»  Thyroxine 

3.6 

+ 

0.3 

3.7 

+ 

0.4 

3.7 

+ 

0.2 

3.9 

♦ 

0.5 

(vg/dL) 

Glucose 


(mg/dL) 

230 

+  40 

190 

t  20 

190 

+  20 

180 

+ 

20 

i 

Cholesterol 

(mg/dL) 

72 

±  13 

78 

♦ 

85 

+  18 

113 

+ 

13* 

,%* 

V 

BUN 

(mg/dL) 

21 

+  2 

18 

+  2 

19 

t  2 

18 

♦ 

2 

Creatinine 

(mg/dL) 

Inorganic 

Phosphorous 


0.63  ♦  0.02  0.58  +  0.05  0.58  +  0.03  0.55  +  0.04 


(mg/dL) 

6.0 

+ 

0.8 

5.7 

+ 

0.5 

6.2 

+ 

0.7 

6.0 

+ 

0.6 

Calcium 

(mg/dL) 

11.0 

♦ 

1  .4 

11.1 

+ 

1.2 

10.4 

+ 

0.4 

10.9 

+ 

0.7 

Total  Protein 
(9/dL) 

6.3 

+ 

0.4 

6.3 

♦ 

0.4 

6.3 

+ 

0.2 

6.5 

+ 

0.3 

Albumin 

(g/dL) 

4.1 

+ 

0.3 

4.2 

♦ 

0.2 

4.4 

0.2 

4.5 

+ 

0.3 

*P  <  0.05  In  Student-t  statistic.  Critical  t-values  were  corrected  for  3 
comparisons . 
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Table  13  (continued) 
Clinical  Pathology  Values  of  Rats 
Exposed  to  SY  Dye  for  90  Days 


(X 

t  SE,  n  -  11 

-12) 

Biochemistry: 

Control 

Low 

Medium 

Hlah 

Sod  1 um 
(meq/L) 

198  +  2 

149  +  1 

149  ± 

2 

149  i  2 

Potassium 

(meq/L) 

6.0  +  1 .0 

5.6  i  0.3 

5.5  + 

0.4 

5.6  +  0.4 

Chloride 

(meq/L) 

112  +  2 

112  ±  1 

112  + 

2 

111  t  1 

Hematoloqy: 

RBC 

(lO^/mm3) 

7.1  +  0.4 

7.1  +  0.3 

7.1  i 

0.4 

6.9  +  0.5 

Hematocrit  (X) 

38  +  1 

38  ±  1 

38  + 

2 

36  +  3 

Hemoglobin 

(9/dL) 

13.8  +  0.4 

13.7  +  0.4 

13.8  ± 

0.5 

13.4  +  0.4 

Mean  Corpuscular 
Volume  (ym3) 

53  +  1 

53  +2 

54  + 

2 

53  +  1 

Mean  Corpuscular 
Hemoglobin 
Concentration  (X) 

37  +  1 

37  +  1 

36  ± 

1 

37  +2 

WBC 

(103/mm3) 

1,9  +  0.8 

1 .8  ±  0.6 

2.2  ± 

0.6 

2.1  +  1.1 

Neutrophils 

(l03/mm3) 

0.6  +  0.3 

0.5  +  0.2 

0.6  + 

0.2 

0.6  +  0.2 

Lymphocytes 

(103/mm5) 

1 .3  +  0.5 

1.2  ±  0.3 

1.6  + 

0.4 

1.5  ♦  0.9 

Eosinophils 
( l03/mm3) 

<0.1 

<0.1 

<0.1 

<0.1 

Basophils 
( 103/mm3) 

<0.1 

<0.1 

<0.1 

<0.1 

*P  <  0.05  In  Student-t  statistic. 

Critical  t- 

values  were 

corrected  for  3 

comparisons . 
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Table  13  (continued) 


Clinical 

Pathology  Values  of 

Rats 

Exposed  to  SY  Oye  for  90  Days 

(X  i  SE,  n  >=  11-12) 

Hematoloqv: 

Control 

Low 

Medium 

Hloh 

Monocytes 
( 103/mm3) 

<0.1 

<0.1 

<0.1 

<0.1 

Banded  Neutrophils 
( 103/mm3) 

<0.1 

<0.1 

<0.1 

<0.1 

NRBC 

( 103/mm3) 

<0.1 

<0.1 

<0.1 

<0.1 

*P  <  0.05  In  Student 

-t  statistic 

Critical  t-values 

were  corrected 

for  3 

comparisons . 
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Table  14 

Clinical  Pathology  Values  of  Rats  Exposed  to  SY  Dye 
for  90  Days  and  Allowed  to  Recover  for  30  Days* 

(X  t  SE.  n  -  11-12) 

Biochemistry:  Control  Low _  Medium 


Alkaline 

rbosphatase 

(IU/L) 

SGPT 

(IU/L) 

Total  bilirubin 
(mg/dL) 

Thyroxine 
( pg/dL) 

Glucose 

(mg/dL) 

Cholesterol 

(mg/dL) 

BUN 

(mg/dL) 

Creatinine 

(mg/dL) 

Inorganic 

Phosphorous 

(mg/dL) 

Calcium 

(mg/dL) 

Total  Protein 
(9/dL) 

Albumin 

(9/dL) 


72  ±8 

44  ±5 

0.30  +  0.11 

3.1  ♦  0.4 

240  +  50 

96  +  28 

24  ♦  1 

0.8  +  0.2 

6.7  +  1.1 
12.0  ±  0.4 

7.9  +  0.2 

5.0  +  0.2 


73  +9 

49  +11 

0.33  +  0.08 

3.4  +  0.6 

250  +  50 

87  +  25 

24  +  1 

0.8  +  0.2 

7.0  +  1.1 

12.1  +  0.4 

8.1  +  0.7 

5.1  +  0.7 


70  +4 

38  +4 

0.32  +  0.12 

3.4 

250 

92 

24 

0.7 

7.0 

12.3 

7.9 

5.0 


High 

75  +  7 

41  +7 

0.40  +  0.09 

3.9  +  0.6 

250  ♦  50 

98  +  20 

25  +3 

0.7  +  0.1 

7.4  +  1.4 

12.0  +  0.8 

7.9  +  0.4 

5.2  ♦  0.3 


+  0.6 

±  40 
±  21 
+  1 

+  0.2 

±  1.5 
+  0.7 

+  0.2 

+  0.3 


•There  were  no  significant  differences  between  treated  and  control  groups  at 
P  <  0.05  In  Student-t  statistic.  Critical  t-values  were  corrected  for 
3  comparisons. 
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Table  14  (continued) 

Clinical  Pathology  Values  of  Rats  Exposed  to  iY  Oye 
for  90  Days  and  Allowed  to  Recover  for  30  Days* 

(X  i  SE.  n  -  11-12) 


Blochemlstrv: 

Control 

Low 

Medium 

Hiab 

Sod  1  urn 
(meq/l) 

147  +  2 

148  +  3 

148  +  4 

144  +  9 

Potassium 

(meq/l) 

6.0  +  0.7 

5.7  +  0.4 

5.5  +  0.4 

5.6  +  0.4 

Chloride 

(meq/l) 

110  +  2 

111  ±  2 

110  +  1 

109  ♦  3 

Hematoloqv: 

R8C 

(lO^/mm3) 

7.4  +  0.4 

7.7  +0.4 

7.7  +  0.4 

7.7  +  0.5 

Hematocrit  (X) 

40  +  1 

41  +  1 

41  ♦  1 

41  +3 

Hemoglobin 

(fl/dL) 

14.1  +  0.3 

14.4  +  0.4 

14.5  ♦  0.3 

14.5  +  0.3 

Mean  Corpuscular 
Volume  (»im3) 

53  +2 

53  +2 

54  +3 

53  +2 

Mean  Corpuscular 
Hemoglobin 
Concentration  (X) 

36  i  1 

36  +  1 

35  +  1 

36  +  1 

WBC 

(103/mm3) 

2.4  +  0.3 

2.8  +  0.1 

3.1  +0.1 

2.8  +  0.1 

Neutrophils 
( 103/mm3) 

0.7  +  0.4 

0.7  +  0.3 

0.8  +  0.4 

0.7  +  0.4 

lymphocytes 

(103/mm3) 

1.7  ♦  0.6 

2.0  +  0.4 

2.3  +  0.7 

2.1  +  0.7 

Eosinophils 
( 103/mm3) 

<0.1 

<0.1 

<0.1 

<0.1 

*There  were  no  significant  differences  between  treated  and  control  groups  at 
P  <  0.05  In  Student-t  statistic.  Critical  t-values  were  corrected  for 
3  comparisons. 
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Table  14  (continued) 

Clinical  Pathology  Values  of  Rats  Exposed  to  SY  Dye 
for  90  Days  and  Allowed  to  Recover  for  30  Days* 


(X  ±  SE,  n  -  11-12) 


Hematoloqv: 

Control 

Low 

Medium 

Hlah 

Basophils 

(103/mm3) 

<0.1 

<0.1 

<0.1 

<0 

Honocytes 

(103/mm3) 

<0.1 

<0.1 

<0.1 

<0.1 

Banded  Neutrophils 
( 103/mm3) 

<0.1 

<0.1 

<0.1 

<0.1 

NRBC  , 

( 103/mm3) 

<0.1 

<0.1 

<0.1 

<0.1 

*There  were  no  significant  differences  between  treated  and  control  groups  at 
P  <  0.05  In  Student-t  statistic.  Critical  t-values  were  corrected  for 
3  comparisons. 
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lesions.  Routine  parafln  embedded,  5  micron,  hematoxylin  and  eosln  stained 
slides  from  the  following  tissues  were  prepared  for  all  animals:  skin, 
tracheobronchial  lymph  node,  popliteal  lymph  node,  spleen,  femur,  larynx, 
nasal  cavity  (four  levels),  trachea,  lung  (four  lobes),  heart,  stomach, 
duodenum,  cecum,  colon,  liver,  pancreas,  kidneys,  urinary  bladder,  epididymis, 
testis,  prostate,  uterus,  ovary,  adrenal,  thyroid,  brain,  pituitary,  eyes,  and 
any  gross  lesions.  Microscopic  evaluation  was  performed  on  all  of  the  listed 
tissues  from  the  control  and  high  dose  groups.  Tissues  from  the  lower  levels 
were  evaluated  to  determine  a  no-effect  level  for  each  tissue  having  a 
treatment-related  effect.  Histopathologic  evaluation  of  tissues  from  animals 
exposed  to  SY  was  done  at  Experimental  Pathology  Laboratories,  Inc.,  Herndon, 
VA,  by  Or.  Deborah  Banas,  Olplomate  ACVP.  The  following  Is  a  summary  of  the 
findings.  The  complete  hlstopathology  report  for  this  90-day  SY  exposure 
study  can  be  found  In  Appendix  I. 

Nlnety-Oay  Exposure 

Inhalation  of  SY  dye  at  the  high  exposure  concentration  for  90  days 
resulted  In  submucosal  pigment  deposition  In  the  nasal  cavity  of  all  rats. 

The  pigment  deposition  was  heaviest  at  medium  and  high  levels.  In  the 
kidneys,  an  Increase  In  granular  pigment  located  In  the  cortical  tubules  was 
noted  In  all  high  dose  rats.  In  the  male  rats,  there  was  also  an  Increase  In 
the  Incidence  of  lesions  characteristic  of  early  chronic  nephropathy,  namely 
foci  of  regenerative  tubular  epithelium,  casts,  and  foci  of  mononuclear 
cells.  However,  these  lesions  arc  commonly  noted  In  rats  of  this  age  and 
Strain  and  were  only  minimal  to  slight  In  severity.  In  the  liver,  minimal  to 
slight  granules  of  pigment  were  noted  In  the  bile  duct  eolthellum  or 
hepatocytes  adjacent  to  the  bile  duct  In  all  high  dose  rats.  In  the  lung. 
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minimal  focal  accumulations  of  foamy  appearing  alveolar  macrophages  containing 
a  minimal  amount  of  pigment  were  noted  In  the  alveoli  adjacent  to  the 
respiratory  bronchioles  In  one  male.  This  lesion  was  accompanied  by  minimal 
hyperplasia  of  Type  II  cells  (granular  pneumocytes) . 

In  the  rats  exposed  to  SY  at  the  medium  exposure  concentration,  only 
nasal  cavity,  lung,  liver,  and  kidneys  were  examined.  In  the  nasal  cavity, 
minimal  submucosal  pigment  was  noted  at  the  medium  level  In  three  males  and 
two  females,  and  at  the  high  concentration  In  five  males  and  seven  females. 
Pigment  deposition  In  the  kidneys  was  comparable  to  that  of  the  controls.  In 
the  liver,  minimal  granules  of  pigment  were  noted  In  two  females.  No  lesions 
attributable  to  treatment  were  noted  In  the  sections  of  lung  examined. 

In  the  rats  exposed  to  SY  at  the  low  exposure  concentration,  the  nasal 
cavities  of  both  sexes  were  examined.  The  livers  of  females  were  also 
examined.  No  compound-related  hlstomorphologlc  alterations  were  noted  In 
either  of  these  tissues. 

Thirty  Day  Recovery 

Inhalation  of  SY  dye  at  the  high  exposure  concentration  for  90  days, 
followed  by  a  30  day  recovery  period  resulted  In  submucosal  pigment  deposition 
In  the  nasal  cavities  of  all  rats.  This  pigment  deposition  was  heaviest  at 
the  medium  and  high  levels,  and  was  slightly  less  severe  than  was  noted  at  the 
90-day  sacrifice.  Increased  pigment  was  noted  In  the  kidney  tubules  and 
appeared  to  be  less  severe  than  that  noted  at  the  90-day  sacrifice.  The 
Incidence  of  early  chronic  nephropathy  was  comparable  to  that  of  the 
controls.  In  the  liver,  pigment  deposition  In  the  bile  duct  epithelium  was 
comparable  to  that  noted  after  the  90-day  exposure.  In  the  lungs,  two  males 
had  minimal  focal  accumulations  of  foamy  appearing  alveolar  macrophages 
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containing  a  minimal  amount  of  pigment.  These  accumulations  were  accompanied 
by  minimal  hyperplasia  of  Type  II  cells  (granular  pneumocytes) . 

In  the  rats  exposed  to  SY  dye  at  the  medium  exposure  concentration  for 
90  days  followed  by  a  30-day  recovery  period,  only  nasal  cavity,  lung,  liver, 
and  kidneys  were  examined.  In  the  nasal  cavity,  minimal  submucosal  pigment 
was  noted  at  the  medium  level  In  two  males  and  four  females  and  at  the  high 
level  In  six  males  and  eight  females.  Slight  submucosal  pigment  was  noted  at 
the  high  level  In  an  additional  male.  Pigment  deposition  In  the  kidneys  was 
comparable  to  the  controls.  Ho  lesions  attributable  to  treatment  were  noted 
In  the  lung  or  liver. 

In  the  rats  exposed  to  SY  dye  at  the  low  exposure  concentration,  only 
the  nasal  cavity  was  examined.  No  compound-related  hlstomorphologlcal 
alterations  were  noted  In  these  sections. 

The  finding  of  pigments  In  the  nasal  cavity,  kidney  and  liver  was 
examined  In  more  detail  at  ITRI.  Special  stains  (Prussian  Blue  for  Iron, 
periodic  acid  Schlff  (PAS)  and  Hall's  stain  for  bile)  were  made  on  sections  of 
kidney,  liver  and  lung  to  differentiate  administered  dye  material  In  the 
tissues  from  autogenous  pigments  found  In  normal  rats.  The  pigments  In  the 
control  kidneys  and  some  of  the  pigments  In  the  exposed  rats  stained  faintly 
with  PAS  Indicating  that  they  were  probably  a  natural  phenomenon  that  has  been 
previously  described.  The  major  portion  of  the  pigments  In  the  exposed  rats 
did  not  stain.  It  Is  hypothesized  that  the  pigments  In  the  nose,  liver  and 
kidney  are  metabolites  of  quinoline  dye.  Metabolism  studies  have  shown  that 
the  dye  Is  metabolized  by  the  liver  and  excreted  by  the  kidney.  The  pigment 
In  the  nasal  cavity  Is  present  only  under  the  olfactory  epithelium,  the 
epithelium  where  mixed  function  oxidases  are  concentrated.  No  pigments  were 
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found  In  the  tracheobronchial  lymph  nodes  Indicating  that  the  dye  was  soluble 
enough  to  leave  the  lung  before  particle  translocation  to  the  lymph  node  took 
place. 

Spontaneous  disease  lesions  and  Incidental  findings  such  as  retinal 
degeneration,  focal  acinar  atrophy  of  the  pancreas,  nematodlasls  and 
nonsuppurative  myocarditis  occurred  In  a  few  rats  In  both  control  and  treated 
groups  at  both  sacrifice  Intervals.  These  lesions  were  distributed  with 
approximately  equal  frequency  In  test  and  control  rats,  and  thus  were  not 
exposure  related  (see  Appendix  I). 


90-DAY  INHALATION  EXPOSURE  TO  SY/SG  DYE 
Nominal  exposure  concentrations  selected  for  this  study  were  0,  1,  10 

3 

and  100  mg/m  given  6  hours/day,  5  days/week,  for  a  period  of  90  days. 

These  exposure  concentrations  were  selected  on  the  basis  of  the  same  criteria 
as  the  90  day  SY  dye  exposure  previously  mentioned. 

Statistical  Analyses 

Where  possible,  computer  software  packages  such  as  BMDP,  RSI  or  Path/Tox 

were  used  for  data  handling  and  analysis.  Standard  tests  applied  to  the 

experimental  data  were  one-way  analyses  of  variance,  followed  by  tests  for  the 

2 

equality  of  means,  such  as  simple  t-tests  or  multiple  comparison  t-tests 
for  the  equality  of  medians.  Usually  a  confidence  level  of  0.05  was  used, 
although  In  some  cases  significance  was  expressed  In  much  smaller  or  much 
larger  values. 

Chemicals 

SY/SG  was  supplied  by  the  U.  S.  Army  Medical  Bioengineering  Research  and 
Development  Laboratory  (Fort  Detrick,  Frederick,  MD).  The  purity  of  this  dye 
material  (QI  and  TA  combined)  was  95  percent  and  was  used  without  further 
purification. 

Animals  and  Animal  Exposures 

Male  and  female  Fischer-344  (F344/Crl)  rats,  15-20  weeks  of  age  with  an 
age  range  of  i  2  weeks,  were  used  for  this  study.  These  animals  were 
obtained  from  an  existing  colony  raised  at  the  Inhalation  Toxicology  Research 


Institute  In  which  the  disease  surveillance  monitoring  of  the  colony  was  as 
previously  described  In  this  report.  Rats  were  then  acclimatized  In  exposure 
chambers,  randomized  Into  experimental  groups,  and  cared  for  as  described 
previously  In  this  report  for  the  90  day  Inhalation  exposure  study  of  SY  dye. 
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Animals  were  exposed  tc  3  levels  of  SY/SG  dye  material  generated  by  a 

3  4 

Jet-0-H1zer  air  Jet  mill  as  previously  described.  *  The  arrangement  and 
entry  groups  of  animals  In  the  four  Hazleton  2000  whole-body  Inhalation 
chambers  used  for  this  study  (3  exposure  and  1  air  control),  and  chamber 
environment  monitoring  and  maintenance  were  as  previously  described  In  this 
report  for  the  90  day  Inhalation  study  of  SY  dye.  Concentration  and  size 
characteristics  of  the  exposure  atmospheres  for  each  of  the  63  exposure  days 
are  shown  in  Table  15.  The  SY/SG  aerosol  concentration  was  determined 
gravlmetrlcally  from  filter  samples  taken  dally  from  each  exposure  chamber. 
Aerosol  size  of  the  dye  material  was  measured  with  a  Lovelace  Nultl-Jet 
cascade  Impactor  each  day  during  the  first  week  of  exposure  and  at  Intervals 
as  shown  In  Table  15  thereafter. 

Clinical  Observations 

Oetalled  clinical  observations  were  performed  on  all  animals  before 
exposures  to  ensure  that  they  were  In  good  health.  Detailed  clinical 
observations  were  also  done  at  6  weeks  after  the  Initiation  of  exposures,  at 
the  end  of  the  90  day  exposures  and  after  the  30  day  recovery  period.  The 
animals  were  also  observed  twice  dally  for  morbidity  and  mortality.  No 
clinical  abnormalities  were  noticed  and  all  animals  survived  to  sacrifice 
times. 

Animal  Body  Weights 

During  this  3-month  exposure,  subsets  of  both  male  and  female  rats  (n  = 
20  per  sex)  from  each  exposure  chamber  (Including  the  control  chamber)  were 
weighed  on  a  weekly  basis.  All  animals  were  weighed  after  the  last  day  of 
exposure.  Those  animals  not  sacrificed  after  the  last  day  of  exposure  and 
held  for  the  30-day  recovery  were  weighed  at  the  end  of  this  recovery  period. 
Body  weights  measured  throughout  the  study  are  summarized  In  Table  16.  These 
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Table  15 


SY/S6  Aerosol  Concentration  and  Size  Characteristics  for  the 

90-Day  Inhalation  Study 


LOW 

MEDIUM 

HI6H 

Cone . 

MMAD 

a 

Cone . 

MMAD 

Cone. 

MMAD 

3 

(mg/m  ) 

(wm) 

b 

!s_ 

3 

(mg/m  ) 

(wm) 

3 

(mg/m  ) 

(wm) 

!a_ 

Oay  1 

2.0 

3.1 

1 .9 

16.4 

2.9 

1.8 

125 

5.0 

2.0 

2 

1.1 

3.1 

2.3 

10.2 

2.9 

1  .9 

85  . 

4.8 

2.1 

3 

1.5 

3.5 

2.2 

7.4 

3.1 

2.0 

62 

4.3 

2.0 

4 

1.1 

3.3 

2.5 

13.1 

3.3 

1.9 

66 

4.2 

2.0 

5 

1.3 

3.2 

2.4 

11.0 

3.2 

2.0 

106 

4.4 

1  .9 

6 

1.3 

9.0 

101 

7 

0.7 

2.0 

1 .9 

12.5 

113 

8 

1.3 

14.1 

3.3 

2.0 

86 

4.1 

1 .9 

9 

0.8 

6.0 

72 

10 

1.1 

12.0 

107 

11 

1.7 

9.8 

97 

12 

1.9 

10.0 

61 

3.9 

2.8 

13 

1.7 

9.9 

3.0 

1 .8 

78 

14 

0.8 

2.5 

2.4 

9.8 

95 

15 

0.9 

10.8 

123 

16 

0.4 

10.2 

97 

17 

1.7 

2.8 

2.0 

12.2 

80 

18 

1.1 

12.0 

2.8 

1 .9 

102 

19 

0.9 

10.1 

104 

3.6 

1.8 

20 

1.2 

11.2 

93 

21 

0.5 

2.4 

2.0 

11.3 

84 

22 

0.9 

9.4 

2.7 

2.0 

86 

23 

0.6 

9.4 

96 

4.0 

1.9 

24 

0.8 

10.0 

55 

25 

1.2 

13.2 

8 

26 

1.7 

3.2 

2.1 

9.5 

119 

27 

1.0 

9.6 

3.1 

2.1 

132 

28 

0.7 

1  .8 

107 

4.4 

2.0 

29 

0.7 

5.3 

113 

30 

1.0 

9.9 

142 

31 

1.0 

2.7 

2.1 

14.0 

123 

32 

0.8 

12.8 

3.1 

1 .8 

105 

33 

1.0 

13.3 

98 

4.2 

1.9 

34 

0.7 

13.1 

98 

35 

0.6 

9.6 

131 

36 

0.7 

2.4 

2.0 

10.4 

90 

37 

0.9 

12.5 

3.0 

1 .9 

98 

38 

0.7 

10.2 

101 

3.8 

1.8 

39 

1.1 

7.3 

13? 

40 

1.0 

9.4 

117 
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Table  15  (Continued) 


_ LOW 

Cone.  HMAD8 


medium 


HIGH 


Cone.  MM AD 


Cone .  MMAD 


3 

(mg/m  ) 

(ym) 

b 

Zs_ 

(mg/m3) 

(ym) 

!a_ 

3 

(mg/m  )  (ym) 

!a_ 

Oay  41 

0.3 

2.4 

2.1 

2.2 

108 

42 

0.8 

10.9 

2.7 

2.2 

116 

43 

1.0 

7.1 

69  4.2 

1.9 

44 

0.4 

3.6 

135 

45 

0.8 

8.7 

130 

46 

0.8 

2.6 

1 .9 

13.5 

131 

47 

1.0 

11.0 

3.0 

1.9 

122 

48 

0.9 

11.6 

109  3.8 

1.8 

49 

0.6 

13.4 

90 

50 

0.9 

13.8 

80 

51 

1.1 

2.5 

1.9 

12.7 

93 

52 

1.4 

7.1 

3.0 

2.0 

121 

53 

1.4 

11.1 

111 

54 

1.4 

9.7 

137 

55 

3.5 

11.5 

102  3.9 

1.8 

56 

0.8 

13.4 

103 

57 

1 .6 

2.9 

2.1 

11.5 

120 

58 

0.9 

10.2 

2.8 

1.9 

101 

59 

0.8 

15.1 

126  4.1 

1.7 

60 

0.9 

12.8 

113 

61 

0.6 

2.7 

1 .8 

9.5 

80 

62 

1.1 

3.4 

2.7 

1.9 

100 

63 

1.1 

1.8 

100  4.3 

l.B 

XC 

1.1 

2.8 

2.1 

10.2 

3.0 

1 .9 

101  4.2 

1  .9 

SO 

+0.5 

+0.4 

+0.2 

+3.1 

+0.2 

+0.1 

+23  +0 . 4 

+0.2 

Dally  chamber 

concentrations 

were  determined  by 

the  mean 

of  3  two-hour 

samples  taken  during  the  day. 


*MNAD 

cMean 


=  mass  median  aerodynamic  diameter 
geometric  standard  deviation 
values  from  day  1  through  day  63 


48 


i 


r*. 

CO 

CD 

CO 

r* 

£ 

r- 

r— 

r- 

9 

p— 

9 

in 

«r 

at 

p* 

fa 

2 

+1 

+  1 

+1 

4-1 

4-1 

41 

41 

41 

41 

41 

41 

41 

41 

4| 

41 

^  £ 

CO 

o 

in 

00 

O 

CO 

«n 

r» 

Ol 

9 

O 

9 

9 

r“i  u. 

tn 

uo 

9 

in 

in 

r* 

n* 

9 

P- 

9 

9 

* 

E 

r~ 

«■» 

A 

er 

? 

4-» 

*  • 

c 

■  " 

X 

#w 

A 

a 

o 

A 

c 

O 

CO 

CO 

CO 

cr* 

OTi 

eo 

eo 

O' 

an 

Oi 

9 

9 

vn 

3 

w  4> 

cm 

r“" 

f““ 

r“ 

*“ 

r* 

P- 

" 

•“ 

*” 

r— 

CM 

A 

41 

+1 

+1 

+i 

+1 

41 

41 

41 

41 

41 

41 

4i 

4| 

4| 

41 

O* 

f* 

£ 

00 

r* 

uo 

V 

cr> 

CM 

cr* 

CM 

^* 

co 

vn 

e 

m 

in 

in 

vO 

P^ 

r* 

ao 

w 

o 

9 

o 

O 

.  *\ 

CM 

CVi 

CM 

CVJ 

CM 

CM 

CM 

CM 

CM 

cm 

n 

CNJ 

CO 

CO 

CO 

3 

CD 

’  , 

4) 

,C 

«— 

cr* 

a> 

r- 

a> 

GO 

*n 

<T» 

cm 

o 

a* 

9 

9 

CM 

w 

•  s 

4*» 

4) 

r— 

r— 

4> 

+1 

+i 

4-1 

4| 

4l 

•«v> 

1 

L. 

s 

+i 

41 

4| 

41 

41 

4| 

41 

41 

41 

41 

C 

— *  E 

•f— 

co  a> 

p» 

in 

r* 

O 

f— 

P"^ 

CM 

s 

O 

pw 

V 

6  u. 

in 

*n 

V3 

r- 

OD 

CD 

ao 

cn 

<r* 

<T* 

cr* 

e 

\ 

r- 

r— 

r“ 

r— 

f— 

r— * 

f— 

r> 

a> 

4-» 

>* 

■o 

3 

ff 

a> 

2 

u 

TD 

4-> 

4» 

<NJ 

to 

X 

• 

iO 

o> 

«0 

o 

CM 

CM 

o 

CO 

CM 

co 

pj 

CO 

CM 

E 

o 

CM 

r— 

r~ 

CM 

CM 

CM 

CM 

co 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CD 

a* 

f—  4} 

+1 

♦i 

4-1 

4| 

41 

41 

V> 

1 

£ 

2 

u 

3 

w* 

rp 

41 

4i 

41 

41 

41 

41 

41 

41 

41 

a> 

r 

i/i 

Z 

o 

m 

CM 

CO 

TP 

00 

CM 

sn 

CM 

in 

CM 

CO 

O 

vO 

ao 

r^- 

OD 

00 

C7i 

cr. 

00 

r- 

f-m 

CM 

CM 

CM 

CO 

4-» 

sx 

CM 

CM 

CM 

CSI 

CM 

CM 

CM 

CM 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

c 

X 

g- 

,fct 

CD 

UJ 

o 

* 

9  to 

c 

O. 

o 

CO 

vO 

in 

r-* 

«c 

Oi 

r* 

CD 

r- 

as 

P* 

*n 

9 

in 

vn 

3 

4> 

O 

•fc 

0)  x 

4-* 

+i 

+i 

41 

U 

«D 

2 

+1 

+i 

41 

41 

41 

41 

4| 

41 

41 

41 

+i 

41 

O' 

i 

■ 

-Q  W 

—  6 

1 

■ 

*3  O 

<« 

CO  a> 

wo 

03 

CM 

CO 

r- 

CO 

O 

cr 

r— 

r- 

9 

O 

t— 

•C 

J 

v> 

uo 

VO 

p— 

r* 

r- 

CD 

ao 

cr> 

ao 

<r 

9 

a* 

9 

9 

o  «— 

c 

\ 

r— 

r— 

r— 

r— 

L.  O 

i/> 

4-» 

*— 4 

w 

♦-*  • 
c  o 

*, 

£ 

o 

-i 

•  o 

O  u  VI 

4 

\ 

o 

uo 

CM 

in 

vn 

m 

in 

CO 

m 

»n 

in 

CM 

>• 

CO 

r— 

r-* 

r— 

r*- 

r— 

CM 

a>  a> 

X 

to 

w  a> 

+1 

+) 

+i 

♦i 

11  £  3 

41 

41 

41 

41 

41 

41 

41 

41 

41 

41 

41 

4-»  •— 

■ 

k: 

o> 

>» 

TO 

c  <o 

TO 

X 

CO 

O' 

r- 

C7> 

r— 

CO 

r~» 

00 

CM 

P* 

in 

o 

c  > 

. 

CJ 

vn 

uo 

p» 

OD 

cr* 

cr* 

o 

o 

CM 

CM 

CM 

PM 

CO 

•  CD 

L 

1 

CM 

CM 

CM 

CM 

CM 

CM 

CO 

co 

CO 

co 

CO 

CO 

CO 

CO 

CO 

oca. 

o 

V)  -t-t 

j 

> 

o% 

m 

W 

< 

41  I-  • 

a*  a> 

* 

>k 

o 

cr 

00 

CO 

CO 

o 

*n 

cr* 

o 

r— 

^  3  v- 

« 

w 

4> 

r— 

to> 

fw 

O  3 

+i 

+i 

E  p-  tD 

4) 

2 

+i 

+  i 

41 

4| 

4| 

41 

41 

41 

41 

41 

4| 

4  1 

41 

>a  to 

■ 

4l 

E 

l~  >  VJ 

1 

tow 

<u 

r» 

9 

9 

CM 

O 

r«» 

00 

in 

cr* 

CM 

CD 

vn 

CO 

a»>—  o 

u. 

wn 

09 

p* 

00 

03 

CD 

at 

O' 

CT> 

cr 

cr> 

cr 

cr* 

a* 

— '  -f  i- 

O 

r— 

fW 

c  a. 

k. 

4--  CD 

4-» 

cum 

C 

CT*  -r-  C 

o 

*r-  u-  O 

*  ■ 

CJ 

wO 

o 

CO 

o 

t— 

o- 

in 

cr 

r- 

n 

M9 

%n 

o 

CO 

CO 

a>  oo 

OJ 

CO 

tn 

CO 

CO 

CM 

co 

co 

CO 

co 

CO 

CM 

>  c  — 

4) 

+i 

+1 

a>  v- 

+1 

+i 

41 

4| 

41 

41 

4| 

41 

41 

41 

41 

4 1 

41 

to 

1 

to 

X 

CD 

CM 

CO 

CO 

CO 

SO 

<r» 

O 

<r* 

e* 

O 

CM 

p^ 

CM 

g  vt  a. 

*■ 

wo 

*n 

«n 

p— 

03 

cr> 

o 

CM 

CM 

CO 

CM 

V 

4>  O 

j 

>• 

CNJ 

CM 

CM 

CM 

CM 

CM 

CM 

co 

co 

co 

CO 

CO 

CO 

CO 

CO 

C  <Q  W 
CD 

* 

• 

O  &> 

■» 

CO 

o 

CM 

CO 

in 

in 

r-» 

ao 

o 

»“► 

CM 

CO 

p*» 

cn  A 

1 

p. 

fw 

pM> 

TOC*- 

i-  y  *■> 

- 

- 

Jd. 

4J  O 

\  , 

0) 

>  A  3 

■ 

i 

4) 

<  V)  E 

r 

X 

to  .n 

>* 

f 

-* 

A9 

1 

r 

k‘ 

V» 

.  ■-  \  ■ 

_ 

data  show  that  rats  exposed  to  the  highest  level  of  SY/SG  dye  gained  weight  at 
a  significantly  slower  rate  than  controls,  with  female  rats  showing  a 
difference  In  weight  gain  earlier  than  male  rats.  At  the  end  of  the  90-day 
exposures,  high  level  exposed  rats  weighed  approximately  7%  less  than  control 
animals.  However,  after  the  30-day  post-exposure  recovery  period,  there  were 
no  statistically  significant  differences  In  the  weights  of  female  rats  among 
the  four  groups,  while  those  of  male  rats  exposed  to  the  highest  level  of 
SY/SG  dye  remained  significantly  lower  than  male  control  animal  weights. 

Lung  Content  of  QI  and  TA  After  Exposure  to  SY/SG  Dye 

At  the  end  of  the  3-month  exposure,  six  rats  (3  males  and  3  females) 
from  each  chamber  were  sacrificed.  Following  each  sacrifice,  lungs  were 
removed,  homogenized  In  acetonitrile,  the  homogenate  centrifuged,  and  the 
supernatant  removed.  The  tissue  pellet,  was  then  re-extracted  with 
acetonitrile  until  no  more  dye  was  removed.  The  pooled  acetonitrile  extracts 
were  analyzed  for  the  major  chemicals  In  the  SY/SG  dye  mixture 
[2-(2'-qu1nolinyl)-l ,3-lndandlone  (Ql)  and  1 ,4-dl-p-toluldlnoanthraquinone 
(TA)]  by  high  pressure  liquid  chromatography.  Conditions  were: 

-  reverse  phase  C._  column,  25  cm  x  4.6  mm. 

I  O 

-  mobile  phase;  9:1  acetonitr11e:water  to  100%  acetonitrile  gradient 
In  10  min,  hold  at  100%  for  10  minutes 

-  flow  rate,  1  ml/min 

-  detection:  UV  at  435  and  620  nm 

Oata  In  Table  17  Indicate  that  virtually  no  01  remained  In  the  lungs  of  rats 
sacrificed  the  day  after  the  last  day  of  exposure.  However,  In  these  same 
animals,  approximately  19%  of  the  calculated  amount  of  TA  that  would  have 
deposited  In  lungs  during  these  exposures  was  found  In  lungs  at  every  exposure 
level  (Table  18). 


50 


Table  17 


Lung  Content  of  01  and  TA  After  the  90-Day 
Inhalation  Exposure  to  SY/SG  Dye  Mixture 


Aerosol 

Concentration 

3 

(mq/m  1 

01 

Lung  Concentration 
(u<j/q  Lung  ±  SE ) 

TA 

Hale 

Control 

nda 

<  0.15 

1 

nd 

43  ± 

4 

10 

nd 

480  + 

20 

100 

nd 

3400  + 

50 

Female 

Control 

nd 

<  0.18 

1 

nd 

39  + 

2 

10 

nd 

370  ± 

40 

100 

nd 

2800  +  ; 

•V 

O 

o 

and=not  detected  at  sensitivity  of  assay.  Samples  were 
assayed  by  high  performance  liquid  chromatography  with  the 
sensitivity  adjusted  for  the  concentration  of  the  TA.  At 
these  sensitivities,  the  assay  would  have  detected  as  low 
as  0.1  ug  Ql/g  lung  In  the  low,  2.0  ug  Ql/g  lung  in  the 
medium  and  14  ug  Ql/g  lung  In  the  high  level  exposed  lungs. 
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Table  IB 

Lung  Burden  of  TA  After  a  90-0ay 
Exposure  to  SY/SG  Dye  Mixture 


Aerosol 

Concentration 


Lung  8urdens 
Mean  +  S£  (n  «  3) 


Calculated* 

Amount 

Deposited 


Percent 

Retained 


Female 


1 

0.06  +  0.003 

0.32 

19  +  1 

£ 

& 

10 

0.68  +  0.03 

3.2 

21  +  1 

/e 

100 

5.70  +  0.08 

31 .8 

18  +  4 

£ 

;; 

1 

0.04  +  0.001 

0.24 

17  ♦  1 

*  • 

•  * 

10 

0.41  +  0.05 

2.4 

17+2 

y 

■ 

100 

3.86  +  0.34 

23.8 

16  +  3 

♦Assuming  63  6-hr  exposures,  200  ml  minute  vol  for  males  and  150  ml  for 
females,  10%  lung  deposition,  and  70  percent  of  SY/SG  Is  TA. 


-/*  .*  -* 


.  V^.t  l  «-1  i.’.  I 


I 


V 

» 


In  addition,  8  other  groups  of  6  rats  (3  males  and  3  females)  were 
sacrificed  3,  7,  14,  30,  60,  90,  160  and  230  days  after  the  last  day  of 
exposure  and  lungs  were  analyzed  for  SY/SG  dye  components.  Again,  virtually 
no  QI  was  detected,  but  the  quantity  of  TA  found  In  lungs  was  significant  at 
each  of  these  post-exposure  sacrifice  times  (Table  19  and  Figure  1).  This 
Indicates  that  TA  clears  from  lungs  at  a  much  slower  rate  than  QI. 

Respiratory  Function 

Respiratory  function  data  from  measurements  of  rats  before  exposures. 
Immediately  after  exposures  and  30  days  after  exposure:,  to  SY/SG  dye  were 
analyzed  by  analysis  of  variance  and  comparison  of  the  mean  of  each  (low, 
medium  and  high)  treated  group  to  that  of  controls  using  the  Student's  t-test 
and  the  Bonferronl  adjustment  for  multiple  comparisons.  A  probability  level 
of  P  <  0.05  was  used  as  the  criterion  for  statistical  significance  of  all 
comparisons.  The  results  are  summarized  In  Tables  20-22.  Not  all  variables 
measured  are  listed;  data  for  body  weight  and  the  variables  reflecting  the 
major  facets  of  respiratory  function  are  presented.  There  were  16  rats  per 
group  before  exposure  and  14-16  at  subsequent  measurement  times.  The  rats 
measured  after  exposure  were  the  same  as  those  measured  before. 

There  were  no  significant  differences  between  pre-exposure  data  from 
control  or  treated  rats  (Table  20).  There  were  no  physiologically  meaningful 
difference;  between  respiratory  function  of  treated  and  control  rats  at  the 
end  of  exposure  (Table  21).  As  reported  In  Table  16,  there  was  a  dose-related 
trend  toward  lower  body  weights  for  treated  rats  than  for  controls,  and  the 
same  trend  was  observed  among  the  respiratory  function  groups.  Since  there 
were  no  significant  differences  among  non-normal Ized  function  data  between 
treated  and  control  rats,  there  was  a  tendency  for  the  weight -normal Ized 
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Table  19 


Lung  Retention  of  TA  at  Various  Times  After  the  90-Day 
Exposure  to  SY/SG  Dye  Mixture 


Days  After 
Exposure 


Total  Lung  Content  of  TA  In  mqa 
Male _  female 


0 

3 

7 

14 

3G 

60 

90 

160 

230 


aMeans  +  SE  (n  *=  3) . 
0-day  values. 


5.7  ±  0.1  (100) 

5.3  +  0.6  (93) 

5.8  ±  0.8  (102) 

6.1  ♦  0.5  (10?) 

5.9  ±  0.2  (104) 

3.6  +  0.4  (63) 

3.3  t  0.5  (58) 

3.9  ♦  0.5  (69) 

3.6  +  0.5  (6?) 

Numbers  In  parentheses 


3.9  ±  0.3  (100) 
3.6  t  0.4  (92) 
3.9  ±  0.2  (100) 

3.6  ±  0-2  (92) 

3.3  ±  04  (85) 

3.4  ±  0.3  (87) 
2.8  +  0.4  (72) 

2.6  +  0.1  (66) 
2.1  t  0.1  (55) 

are  the  percent  of 
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Respiratory  Function  of  Rats  Before  the  ST/SG  Dye  txposures* 
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lhere  were  no  significant  differences  between  treated  and  control  groups  at  P  <  0.05. 


Respiratory  Function  of  Rats  30  Oays  After  the  End  of  90-0ay  SY-SG  Oye  Exposures' 


O  I/S  Q  p.  Q  |y  2  2  S  ^ 

w  ye^dddrOododdddod 


^  W>  WY  W»  S  £ 

m^u%^tiscD^rrMOe>rvO 


fjicoonfwe-onofsj 
<\»  ro  ^  ^ 

m  m 


M  10  «  1/1 

f-  vn  ifi 


N  W1  *—  e>  i—  —  O 

OOr>niAONOryOC30 


WY  P- 

«  r-  ffi  (T 


O 

Swy  tr  csj 

«o  ru  n  r-  n  o  i/i 


9>  cu  O  O  V  <6  >- 

WY  Cw»  a—  WY  «— 

Co  <*> 


OrvOOO<^v(vi/Y 


CO  r*  co 

♦I 


OxOO 

<ooo 


e-  O  O  S  r»  ^ 

OOOOOfYft/YO 


<\j  o 

fw  o  © 


ro  tr 

r*»  (CwSf- 

fu  r-  Cy  O 


NOOO<Yi^r»# 
a—  WY  WY 


00  »- 

^  5  i—  ©  ©  S  WV 


OOOOOOCMWYO 


C  o  c*  a-  ro 

o  .... 

U  Co  W>  O  O  "W  w> 

<  O'  a-  WY 

CSj  CO 


**•  O 

WY  r*  W y  fa 

WY  Pw  w  a—  C\j  o  »— 


©0CJ©C'0<\iWY0WY 
a—  WY  lO 


o  o 

N  co 


cr  C  E 

«■*  W  V 


en  m  ■  e  e 


I  *  I  **« 

********* 


-  I 

c  w  u 

4f  *  *» 

V  w  wy 

C  V  N 


U  O  H- 

S  1“ 

V  >> 
4-> 

i  i  z 

o  ©  « 


>  ■?  2 
**  *—  ^ 
IO 

o  .©  >* 


U  4-*  •— 

»-  w 
E  ♦-  *- 


£  2 
yd  ©* 

W  ~- 

OY  t 
c 

9  > 

-  3 


> 

9 

W 

m 

r— 

«3 

K 

k. 

— 

X 

a. 

O 

A 

*> 

o 

WJ 

1 

w 

> 

* 

4-» 

o 

u. 

.e 

>Y 

WY 

c 

w 

U 

© 

ftf 

*-* 

* 

4-* 

4-» 

£ 

5 

k- 

> 

k. 

»o 

w 

e— 1 

o> 

u_ 

« 

«u 

O 

O 

e 

<0 

cx 

»• 

£ 

u 

« 

> 

O 

4-* 

u- 

X 

Ck. 

u_ 

a. 

£5 

a 

* 

WY 

O 

* 

w 

u 

1 

© 

e 

i" 

9 

> 

> 

-o 

o 

4* 

*4- 

> 

4> 

V 

o 

o 

fC 

«&» 

«-> 

> 

O 

u. 

o 

U 

mJ 

9 

o 

C 

c 

u. 

*8 

>s. 

O' 

4-* 

H- 

X? 

V. 

* 

'V 

R 

o 

4> 

C 

* 

W 

v. 

X3 

O 

£ 

£ 

c 

cc 

£ 

a. 

4-* 

■v. 

C 

o 

W 

CJ 

m 

-J 

y» 

o 

WY 

u 

3 

ac 

*> 

» 

o 

-J 

O 

Of 

i 

1 

O 

> 

► 

uc 

u. 

at 

or 

CJ 

o 

u. 

a. 

id- 

id- 

w> 

.v^c.V.v!v'v.v.v.v.'a  <-.'.-.v  .',v/vv; av^v’1 


values  to  be  higher  In  treated  rats.  This  trend  only  reached  statistical 
significance  for  CO  diffusing  capacity/kg  (not  shown).  There  was  little 
evidence  of  Impairment  of  respiratory  function  at  30  days  after  the  end  of 
exposure  (Table  22). 

Only  one  statistically  significant  (P  <  0.05)  difference  among  the 
group  means  was  detected  by  analysis  of  variance.  The  CO  diffusing  capacity 
normalized  by  alveolar  volume  was  lower  In  the  high  level  rats  than  In  the 
other  groups.  The  diffusing  capacity  Itself  was  lower  than  that  of  controls, 
but  only  at  the  P  <  0.10  level.  There  were  no  trends  toward  group 
differences  In  lung  volume  subdivisions.  This  means  that  there  might  have 
been  a  slight  reduction  In  diffusing  capacity  (alveolar-capillary  gas 
exchange)  In  the  high  level  rats,  but  It  was  a  combination  of  slight  changes 
In  opposite  directions  In  two  parameters  that  made  the  volume-normalized 
diffusing  capacity  significantly  different.  There  were  no  other  Indications 
of  function  loss  In  exposed  rats.  Therefore,  taken  with  the  lack  of  function 
differences  seen  Immediately  after  exposure,  this  result  does  not  suggest  that 
there  was  a  physiologically  significant  effect  of  SY/SG  dye  exposure  on 
respiratory  function  In  this  90-day  exposure  study. 

lung  Biochemistry 

Bronchoalveolar  lavage  fluid  (BAL)  was  analyzed  for  Indicators  of  Injury 
after  6  and  13  weeks  of  exposure  and  after  30  days  of  recovery  from  the 
exposure.  These  results  are  summarized  In  Table  23.  The  data  Indicate  an 
Inflammatory  response  only  In  the  lungs  of  rats  exposed  to  the  highest 

3 

concentration  (100  mg/m  ).  The  Inflammatory  response  was  present  after  6 
weeks  of  exposure  and,  oased  on  BAL  analysis,  did  not  appear  to  worsen  by  13 
weeks.  Analysis  of  BAL  from  rats  one  month  after  the  end  of  the  exposure 
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Pulmonary  Response  of  Rats  Exposed  to  SY/SG  for  90  Days 
As  Observed  In  Bronchoalveolar  Lavage  Fluid 
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Indicated  that  the  Inflammation  was  still  present  In  the  rats  exposed  to  the 
high  concentration  of  SY/SG  (Table  23).  This  Is  not  suprising,  since  the  SG 
portion  of  the  dye  had  not  cleared  from  the  lung  at  this  time  (Table  19). 

Lung  tissue  and  lavage  fluid  protelnolytlc  activities  were  also  measured 
In  control  rats  and  rats  exposed  to  SY/SG  dye  aerosols.  Acid  proteinase 
activity  was  higher  at  the  highest  dose  level  after  90  days  exposure  to  green 
dye  (Table  24).  This  change  was  still  present  after  30  days  recovery  (Table 
25).  The  increased  activity  was  related  to  cathepsln  D  and  probably 
associated  with  modest  Inflammation.  Neutral  proteinase  activity  tended  to  be 
Increased  at  the  same  times,  however,  these  data  are  extremely  variable  and 
thus  significance.  If  any,  cannot  be  defined. 

lung  Connective  Tissue  Biochemistry 

The  collagen  contents  of  bronchoalveolar  fluid  and  of  lung  tissue  were 
determined  at  the  end  of  the  90-day  exposure  (Table  26)  and  after  a  30-day 
recovery  period  (Table  27).  Total  lung  collagen  was  not  affected  by  exposure 
to  SY/SG  dye  mixture.  Lavage  fluid  collagen  was  increased  after  90  days  of 
exposure  to  the  highest  two  levels  of  SY/SG  dye  mixture,  suggesting  that  there 
was  an  Increased  turnover  of  the  extracellular  collagenous  matrix.  However, 
after  90  days  of  exposure  and  a  30-day  recovery  period,  no  differences  were 
noted  In  rats  exposed  to  -he  highest  two  levels  of  SY/SG  dye  mixture.  The  low 
level  of  green  dye  exposure  did  net  affect  rat  lavage  fluid  collagen  at  any 
time. 

Hematology  and  Serum  Clinical  Chemistries 

Hematology  and  clinical  chemistry  measurements  were  made  on  12  control 
rats  and  12  rats  at  each  concentration  at  the  end  of  the  90-day  exposure 
(Table  28)  and  after  a  30  day  recovery  period  (Table  29).  Results  showed 
slight  changes  In  Inorganic  phosphorous  which  were  not  dose  related.  Parallel 
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Table  24 


Lung  and  Lavage  Fluid  Protelnolytlc  Activity  In 
Rats  Exposed  to  SY/SG  Dye  for  90  Days 


jroteln  released/hr/g  lung8 


Lung  Tissue: 

Total  Acid  Proteinase 
Cathepsln  0d 
Cathepsln  Be 


Control 

13.0  +  1.0 
8.1  +  0.5 
4.9  ♦  0.7 


Low  _  Medium  High 

13.0  ±1.0  11.2+  0.6  16.2  +  0.8b 
8.9  ♦  0.7  7.8  +  0.5  10.7  +  0.4b 
4.1  +  1 .0  3.4  +  0.5  5.4  +  0.8 


Total  Neutral  Proteinase  1.3  +  0.1 

Macrophage 

E1astasef  0.4  +  0.1 

Cathepsln  G  &  Neutrophil 

Elastase9  0.9  +  0.1 


1.7  +  0.1 
0.5  +  0.1 
1.1  +  0.1 


0.8  +  0.1 


0.1  +  0.2 

0.8  +  0.1 


1.5  +  0.1 


0.1  +  0.1 

1 .3  +  0.1b 


Lavage  Fluid: 


Total  Acid  Proteinase  1.2  +  0.5 

Cathepsln  D  1 .3  +  0.5 

Cathepsln  8  N0C 


1.2  +  0.4  1.2  +  0.3  1.7  +  0.3 
0.7  +  0.2  1.1  +  0.3  1 .4  +  0.2 
0.5  +  0.3  0.2  +  0.4  0.3  +  0.2 


*Mean  +  SE;  (N  =  8) .  No  differences  were  noted  In  lung  weights  among  the 
different  exposure  groups. 

bP  <  0.05  In  Student-t  statistic;  corrected  for  3  comparisons. 

CND  *  none  detected 
dnot  Inhibited  by  leupeptln 
^Inhibited  by  leupeptln 
'Inhibited  by  1,10  phenanthrol ine 
9not  Inhibited  by  1,10  phenanthrcllne 
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Table  25 


Lung  and  Lavage  Fluid  Proteinolytlc  Activity  In  Rats  Exposed 
to  SY/SG  Oye  for  90  Days  After  the  30  Oay  Recovery  Period 


mg  protein  released/hr/g  lung8 


Lung  Tissue: 


Control  Low 


Medium  High 


Total  Acid  Proteinase 
Cathepsin 
Cathepsln  Bd 


8.3  ±  0.7 
6.7  ♦  0.5 

1.5  +  0.6 


9.5  +  0.7 

8.0  +  0.6 

1.5  +  0.4 


9.5  +  0.5 
8.9  +  0.5b 
0.6  +  0.2 


12.1  +  0.8b 
11.0  +  0.6b 
1.1  +  0.4 


Total  Neutral  Proteinase 

0.6 

+  0.1 

1 .0 

+  0.19 

1.1 

±  0.19 

Macrophage 

Elastasee 

0.2 

i  0.1 

0.4 

±  o.i 

0.5 

±  0.1b 

Cathepsln  G  &  Neutrophil 

£lastasef 

0.4 

*  0.1 

0.7 

+  0.1 

0.6 

♦  0.1 

1 .2  +  0.19 
0.4  +  0.1 
0.9  ♦  0.1b 


Lavage  Fluid: 


Total  Acid  Proteinase 
Cathepsln  0 
Cathepsln  B 


1.4  ♦  0.8 
0.7  +  0.1 
0.7  +  1.0 


1.7  +  0.3 
1.1  ±  0.2 
0.6  ♦  0.3 


1.4  +  0.4 
0.9  ♦  0.3 
0.5  +  0.4 


1 .6  ±  0.1 

1.4  ±  0.1 
0.4  +  0.2 


aMean  +  SE;  (N  >=  8) .  No  differences  were  noted  In  lung  weights  among  the 
different  exposure  groups, 
bp  < 

0.05  In  Student't  statistic;  corrected  for  3  comparisons. 
cnot  Inhibited  by  leupeptin 
^Inhibited  by  leupeptin 
inhibited  by  1,10  phenanthrol ine 
fnot  Inhibited  by  1,10  phenanthrol ine 

9w1th1n  the  range  of  historical  controls  (0.2-2. 5  mg  protein  released/hr/g 
lung) 
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Table  26 


Lavage  Fluid  and  Lung  Tissue  Collagen  for  Rats 
Exposed  to  SY/SG  Oye  for  90  Oays 

(X  +  SE,  n  ■=  6-8) 


Lavage 

Fluid 

Total  Lung 

Collagen 

Collagen 

(wg/q)* 

JjnaZall  . 

Control 

30  +  4 

20  +  2 

Low 

17  +  6 

20  +  3 

Medium 

48  +  4** 

16  +  3 

High 

57  +  6** 

17  +  2 

^Normalized  to  grams  of  lung  weight.  No  differences 
were  noted  In  lung  weights  among  the  different 
exposure  groups. 

**P  <  0.05  In  Student-t  test.  Critical  t-values 
were  corrected  for  3  comparisons. 
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Table  27 


Lavage  Fluid  and  Lung  Tissue  Collagen  for  Rats 
Exposed  to  SY/SG  Dye  for  90  Oays  and  Allowed  to  Recover  for  30  Oays 

(X  +  S£.  n  =  6-8) 


Lavage 

fluid 

Total  Lung 

Collagen 

Collagen 

(uq/q)1* 

(mq/q)* 

Control 

33  +  5 

16  +  1 

Low 

23  +  7 

17  +  2 

Med  1  urn 

31+5 

17  +  2 

High 

43  +  5 

16  +  2 

^Normal ized 

to  grams  of  lung  weight. 

No  differences 

were  noted 

In  lung  weights  among  the 

different 

exposure  groups. 


Table  28 


Clinical  Pathology  Values  In  Rats  After  90  Day  Exposure  to  SY/SG  Oye 

(X  +  SE;  n  «  11-12) 


Biochemistry: 

Alkaline  88 

Phosphatase  (IU/L) 


SGPT 

(IU/L) 

Total  Bilirubin 
(mg/dL) 

Cholesterol 

(mg/dL) 

Thyroxine 

(vg/dL) 

Glucose 

(mg/dL) 

BUN 

(mg/dL) 

Creatinine 

(mg/dL) 

Inorganic 

Phosphorus 

(mg/dL) 

Calcium 

(mg/dL) 

Total  Protein 
(9/dL) 

Albumin 

(g/dL) 

Ganna  Glutamyl 

^ranspeptldease 

(IU/L) 


Control 
+  5 

54  +8 

0.22  +  0.02 

71  +  7 

3.4  +0.3 

187  +  8 

21  +  1 
0.58  i  0.02 
5.0  +  0.3 

10.4  +0.1 

8.3  t  0.1 
4.0  +  0.1 


LOW _ 

78  +2 

54  +9 

0.24  +  0.02 

58  +5 

3.9  +  0.2 

220  +  13* 

2»  +  1 

0.61  +  0.02 

5.5  +  0.2 

10.9  +  0.1 

6.8  +  0.1* 

4.5  +  0.1* 


Medium 
77  +3 

44  +3 

0.23  +  0.02 

83  +11 

4.0  +  0.6 

260  +  21* 

22  +  1 

0.61  +  0.02 

6.5  +  0.6* 

11.0  +  0.1 

6.9  +  0.2* 

4.5  +  0.1* 


_ High - 

61  +  2* 

40  +4 

0.30  +  0.04 

123  +  23* 

3.3  +  0.1 

270  +  23* 

22  +  1 

0.63  ^  0.02 

6.1  +  0.4* 

11.9  +  0.3 

7.2  +  0.2* 

4.8  +  0.1* 


No  Significant  Activity  Detected 


*Value  differs  from  control  at  P  <  0.05  In  Students'  t-test.  Critical 
t-values  were  corrected  for  3  comparisons. 


66 


Table  28  (continued) 

Clinical  Pathology  Values  In  Rats  After  90  Oay  Exposure  to  SY/S6  Oye 


$5 


I 


$ 

(X 

+  SE;  n  -  11 

-12) 

K 

Hematoloov: 

Control 

Low 

Medium 

Hlqh 

RBC 

(106/nw3) 

7.8  ±  0.1 

7.7  +  0.1 

7.8  +  0.2 

7.7  t  02 

'*• 

Hematocrit  (%) 

42  +  1 

41  +  1 

42  +  1 

42  +  1 

> 

Hemoglobin 

(9/dL) 

14.8  +  0.1 

14.8  +  0.2 

14.7  i  0.2 

14.8  +  0.1 

fcs 

Wean  Corpuscular 
Volume  (pm3) 

54  t  1 

54  +  1 

54  ±  1 

54  +  1 

Mean  Corpuscular 
Hemoglobin 
Concentration  (X) 

35.0  ±  0.4 

36.0  +  0.3 

35.0  +  0.3 

35.5  +  0.3 

i 

WBC 

(103/mm3) 

6.2  ±  0.5 

5.4  +  0.4 

4.5  *  0.6 

4.8  ±  0.5 

Neutrophils 

(103/mm3) 

1.1  ±  0.2 

1.1  ±  0.1 

1 .0  +  0.1 

1.4  t  01 

c 

Lymphocytes 

(103/mm3) 

4.8  ±  0.3 

4.3  +  0.3 

3.4  +  0.5 

3.3  t  0.3 

Eosinophils 

(103/mm3) 

<0.1 

<0.1 

<0.1 

<0.1 

4, 

Basophils 

(103/mm3) 

<0-! 

<0.1 

<0.1 

<0.1 

Monocytes 

(103/mm3) 

<0.1 

<0.1 

<0.1 

<0.1 

Banded  Neutrophils 
(103/mm3) 

<0.1 

<0.1 

<0.1 

<0.1 

Li; 

NRBC 

(103/mm3) 

<0.1 

<0.1 

<0.1 

<0.1 

*Value  differs  from  control  at 
t-values  were  corrected  for  3 

P  <  0.05  In  Students'  t-test. 
comparisons . 

Critical 

M 
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Table  29 


Clinical  Pathology  Values  In  Rats  After  90  Oay  Exposure 
to  SY/SG  Dye  and  Allowed  to  Recover  for  30  Days 

(X  +  SE;  n  -  12) 


Biochemistry: 

Control 

Low 

Med  1  urn 

High 

Alkaline 

Phosphatase  (IU/L) 

85 

♦ 

2 

74  ± 

3 

74 

±  5 

72 

♦ 

6 

SGPT 

(IU/L) 

42 

± 

2 

47  + 

5 

39 

±  3 

33 

+ 

2 

Total  Bilirubin 
(mg/dL) 

C.28 

+ 

0.01 

0.32  ± 

0.02 

0.30 

+  0.03 

0.26 

+ 

0.02 

Cholesterol 

(mg/dL) 

74 

+ 

6 

71  t 

7 

70 

+  7 

75 

+ 

7 

Thyroxine 

(vg/dL) 

1.77 

+ 

0.11 

1.77  + 

0.15 

1.70 

+  0.17 

2.71 

+ 

0.19 

Glucose 

(mg/dL) 

220 

+ 

10 

22 0  + 

10 

210 

+  20 

230 

+ 

10 

BUN 

(mg/dL) 

22 

+ 

1 

22  + 

1 

22 

±  1 

23 

+ 

1 

Creatinine 

(mg/dL) 

0.54 

+ 

0.02 

0.59  + 

0.02 

0.58 

+  0.01 

0.58 

+ 

0.02 

Inorganic 

Phosphorus 

(mg/dL) 

5.3 

+ 

0.3 

5.1  i 

0.3 

5.2 

+  0.3 

5.9 

+ 

0.3 

Calcium 

(mg/dL) 

12.1 

+ 

0.3 

11.8  + 

0.2 

11.8 

+  0.4 

12.4 

0.2 

Total  Protein 
(g/dL) 

6.6 

+ 

0.1 

6.5  ♦ 

0.1 

6.7 

t  0.2 

6.9 

+ 

0.1 

Albumin 

(g/dL) 

4.3 

+ 

0.1 

4.4  + 

0.1 

4.4 

±  0.1 

4.5 

+ 

0.1 

Gamma  Glutamyl 

No  Significant 

Activity  Detected 

Transpeptldease 
( IU/L) 
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Table  29  (continued) 


Cllr’cal  Pathology  Values  In  Rats  After  90  Day  Exposure 
to  SY/SG  Dye  and  Allowed  to  Recover  for  30  Days* 

(X  +  SE;  n  «  12) 


Hematoloov. 

Control 

Low 

Medium 

High 

RBC 

(106/mm3) 

8.1  *  0.2 

8.0  +  0.2 

8.3  +  0.1 

8.3  +  0.3 

Hematocrit  (X) 

44  +  1 

43  +  1 

44+1 

44  +1 

Hemoglobin 

(9/dL) 

15.0  +  0.1 

15.2  +  0.1 

15.3  +  0.2 

15.5  +  0.2 

Mean  Corpuscular 
Volume  (pm3) 

54  t  1 

54  +  1 

53  +  1 

53  +  1 

Mean  Corpuscular 
Hemoglobin 
Concentration  (X) 

34.6  +  0.3 

35.4  ♦  0.2 

34.7  +  0.2 

35.8  +  1.0 

WBC 

( 103/mm3) 

5.4  +  0.6 

4.9  +  0.4 

3.7  +  0.3 

4.6  +  0.5 

Neutrophils 

(103/mm3) 

1.6  +  0.1 

0.9  +  0.1 

1.0  +  0.2 

1 .3  +  0.3 

Lymphocytes 

(103/mm3) 

4.1  +  0.3 

3.9  +  0.3 

2.6  +  0.2 

3.3  +  0.2 

Eosinophils 

(103/mm3) 

<0.1 

<0.1 

<0.1 

<0.1 

Basophils 

(103/mm3) 

<0.1 

<0.1 

<0.1 

<0.1 

Monocytes 

(103/mm3) 

<0.1 

<0.1 

<0.1 

<0.1 

Banded  Neutrophils 
(103/mm3) 

<0.1 

<0.1 

<0.1 

<0.1 

NRBC 

(103/mm3) 

<0.1 

<0.1 

<0.1 

<0.1 

*There  were  no  significant  differences  between  treated  and  control 

groups  at 

P  <  0.05. 
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and  slight  changes  In  albumin  and  total  protein  appeared  to  be  dose  related. 
Cholesterol  was  increased  only  at  the  highest  dose.  Glucose  showed  the 
largest  change  of  the  parameters  examined  and  this  was  a  dose  related 
Increase.  The  cause  of  these  changes  Is  unknown,  but  appears  to  have  little 
clinical  significance  In  light  of  the  normal  BUN,  creatlnlr.e  and  SGP1  levels 
Indicating  normal  kidney  and  liver  function.  Serum  electrolytes  (sodium, 
potassium  and  chloride)  were  not  analyzed  because  an  Insufficient  volume  of 
serum  was  obtained. 

No  significant  differences  were  seen  In  any  of  the  measured  tllnical 
chemistry  endpoints  between  each  group  of  dye  exposed  rats  and  control  animals 
30  days  after  the  last  day  of  exposure.  Thus,  the  serum  biochemistry  changes 
that  were  observed  Immediately  following  the  90-day  exposures  to  SY/SG  dye 
(Table  28)  were  apparently  reversible  during  this  30-day  post-exposure 
recovery  period  (Table  29). 

Hlstopatholoqy 

Ten  males  and  ten  females  from  each  exposure  and  time  were  sacrificed  by 
Intraperltoneal  Injections  with  T61  and  examined  for  gross  lesions.  Routine 
parafln  embedded,  5  micron,  hematoxylin  and  eosln  stained  slides  from  the 
following  tissues  were  prepared  for  all  animals:  skin,  tracheobronchial  lymph 
node,  popliteal  lymph  node,  spleen,  femur,  larynx,  nasal  cavity  (four  levels), 
trachea,  lung  (four  lobes),  heart,  stomach,  duodenum,  cecum,  colon,  liver, 
pancreas,  kidneys,  urinary  bladder,  epididymis,  testis,  prostate,  uterus, 
ovary,  adrenal,  thyroid,  brain,  pituitary,  eyes,  and  any  gross  lesions. 
Microscopic  evaluation  was  performed  on  all  of  the  listed  tissues  from  the 
control  and  high  dose  groups.  Tissues  from  the  lower  levels  were  evaluated  to 
determine  a  no-effect  level  for  each  tissue  having  a  treatment-related 


70 


effect.  Histopathologic  evaluation  of  tissues  from  animals  exposed  to  SY/SG 
was  done  at  Experimental  Pathology  Laboratories.  Inc.,  Herndon,  VA,  by  Dr. 
Deborah  Banas,  Olplomate  ACVP.  The  following  Is  a  summary  of  the  findings. 

The  complete  hlstopathology  report  for  this  90-day  SY/SG  exposure  study  can  be 
found  In  Appendix  II. 

Ninety-Day  Exposure 

3 

Inhalation  of  SY/SG  dye  mixture  at  100  mg/m  six  hours/day,  five 
days/week  for  13  weeks  resulted  In  changes  In  the  lungs,  nasal  cavity, 
tracheobronchial  lymph  nodes,  kidneys,  and  liver.  In  the  lungs,  slight  to 
moderate  accumulations  of  foamy  appearing  alveolar  macrophages  containing 
minimal  to  slight  amounts  of  pigment  were  noted  In  the  alveoli  adjacent  to  the 
respiratory  bronchioles  In  all  high  dose  rats.  These  accumulations  of 
alveolar  macrophages  were  accompanied  by  slight  to  moderate  hyperplasia  of 
Type  II  cells  (granular  pneumocytes) .  In  the  nasal  cavity,  submucosal  pigment 
deposition  was  noted  at  most  levels  of  the  nasal  cavities  of  nearly  all  high 
dose  rats.  The  pigment  deposition  was  heaviest  at  level  III  and  Level  IV. 
(Level  I  Is  the  most  anterior  portion  of  the  nasal  cavity  and  Level  IV  Is  the 
most  posterior.  Level  IV  Is  mainly  olfactory  tissue.)  In  the 
tracheobronchial  lymph  node,  hyperplasia  of  foamy  macrophages 
(reticuloendothelial  cells)  with  minimal  pigment  deposition  and  slight  to 
moderately  severe  lymphoid  hyperplasia  were  present.  In  the  kidneys,  an 
Increase  In  granular  pigment  present  In  the  cortical  tubules  was  noted  In  all 
high  dose  rats.  In  the  liver,  minimal  granules  of  pigment  were  noted  In  the 
bile  duct  eplthelllum  or  hepatocytes  adjacent  to  the  bile  ducts  In  all  high 
dose  rats. 
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3 

In  the  rats  exposed  to  SY/SG  mixture  at  10  mg/m  ,  only  lung,  nasal 
cavity,  tracheobronchial  lymph  node,  liver,  and  kidneys  were  examined. 

Minimal  lung  lesions  similar  to  those  noted  In  the  high  dose  rats  occurred  In 
three  males  and  three  females.  The  lesions  were  single  lesions  and  tended  to 
be  at  the  margins  of  the  lung  lobes.  In  the  nasal  cavity,  minimal  submucosal 
pigment  was  noted  at  Level  III  In  one  male  and  four  females,  and  at  Level  IV 
In  two  females.  In  tracheobronchial  lymph  nodes,  hyperplasia  of  foamy 
macrophages  with  minimal  pigment  depostlon  was  noted  In  two  males  and  two 
females.  Lymphoid  hyperplasia  was  noted  In  an  additional  male.  Pigment 
deposition  In  the  kidneys  was  comparable  to  the  controls.  In  the  liver, 
minimal  granules  of  pigment  were  noted  In  two  females. 

3 

In  the  rats  exposed  to  SY/SG  dye  mixture  at  1  mg/m  ,  the  lungs  and 
nasal  cavities  from  both  sexes  were  examined.  The  livers  from  females  were 
also  exam.ned.  No  compound-related  hlstomorphologlc  alterations  were  noted  In 
any  of  these  tissues. 

The  pigments  In  the  tissues  of  the  exposed  rats  are  similar  to  the 
pigments  seen  after  exposure  to  SY  dye  alone. 

Thirty-Day  Recovery 

3 

Inhalation  of  SY/SG  dye  mixture  at  100  mg/m  for  90  days  followed  by  a 
30-day  recovery  period  resulted  In  lung  lesions  similar  to  those  noted  after 
90  days,  but  marginally  less  severe.  Additionally,  In  the  lungs,  a  few  of  the 
foamy  macrophages  containing  pigment  were  present  In  the  peribronchial 
lymphoid  cuffs,  a  feature  not  present  after  90  days  exposure.  In  the  nasal 
cavity,  submucosal  pigment  deposition  was  present  at  most  levels  in  nearly  all 
llgh  dose  rats,  but  appeared  to  be  slightly  less  severe  than  was  noied  after 
90  days.  In  the  tracheobronchial  lymph  nodes,  hyperplasia  oi  foamy 


g 


I 


im 


I  m 


i  ^ 

K. 

I 

.  J 

*  ■ 

■  *» 

I  L* 


macrophages  containing  a  minimal  amount  of  pigment  was  slightly  more  severe 
than  was  noted  after  90  days  exposure.  The  extent  of  lymphoid  hyperplasia  was 
similar  to  that  at  the  end  of  exposure.  In  the  kidney  tubules,  the  Increased 
tubular  pigment  was  less  severe  than  was  noted  after  90  days.  In  the  liver, 
pigment  deposition  In  the  bile  duct  epithelium  was  comparable  to  that  noted 
after  90  days  exposure. 

3 

In  the  rats  exposed  to  SY/SG  dye  mixture  at  10  mg/m  for  90  days 
followed  by  a  30-day  recovery  period,  only  lung,  nasal  cavity, 
tracheobronchial  lymph  node,  liver  and  kidneys  were  examined.  Lesions  similar 
to  those  noted  at  this  level  after  90  days  exposure  were  present.  Minimal 
lung  lesions  were  noted  In  two  rats  of  each  sex  and  submucosal  pigment 
deposition  was  noted  In  the  nasal  cavity  of  single  rats  of  each  sex  at  Leyel 
II,  six  males  and  five  females  at  Level  III,  and  two  males  and  six  females  at 
Level  IV.  Lymphoid  hyperplasia  was  present  In  the  tracheobronchial  lymph  node 
of  one  male,  but  hyperplasia  of  foamy  macrophages  was  not  present  In  any  of 
the  lymph  nodes  examined.  Pigment  was  noted  in  the  kidneys  and  was  comparable 
to  that  of  the  controls.  Thus,  this  does  not  appear  to  be  exposure  related. 

No  pigment  deposition  was  noted  In  the  liver. 

No  compound-related  hlstomorphologlc  alterations  were  noted  in  the  lungs 

3 

and  nasal  cavities  of  rats  exposed  to  1  mg/m  for  90  days  followed  by  a 
30-day  recovery  period. 

Spontaneous  disease  lesions  and  Incidental  findings  such  as 
nonsuppurative  myocarditis,  testicular  atrophy,  ptostatitis,  and  nematodiasis 
occurred  In  a  few  rats  In  both  control  and  treated  groups  at  both  sacrifice 
Intervals.  These  lesions  were  distributed  with  approximately  equal  frequency 
In  test  and  control  rats,  and  thus  were  not  exposure  related  (see  Appendix  II). 
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Hale  and  female  F344  rats  were  exposed  by  Inhalation  to  1.0  ±  0.2, 

3 

10.8  i  1.8  or  100  t  17  mg/m  (mean  t  SO)  of  SY  dye  aerosol  for  6 
hr/day,  5  days/wk  for  a  period  of  90  days.  The  average  particle  size  of  these 
aerosols  ranged  from  2.1  to  4.0  t*m  (mass  median  aerodynamic  diameter), 
following  exposures,  lung  concentrations  of  01  were  measured,  which  Indicated 
that  very  little  SY  dye  was  retained  In  lungs  and  thus  the  amount  deposited 
had  cleared  at  a  very  rapid  rate.  Exposed  animals  were  also  evaluated  for 
changes  In  respiratory  function,  biochemical  Indications  of  lung  tissue 
damage,  changes  In  blood  chemistries,  and  histopathological  lesions.  At  the 
end  of  the  exposure,  both  male  and  female  rats  exposed  to  the  highest 
concentration  of  SY  dye  had  slightly,  but  statistically  significant  lower  body 
weights  than  control  animals.  These  lower  body  weights  of  male  rats  exposed 
to  the  highest  concentration  of  SY  returned  to  control  values  during  the 
30-day  recovery  period,  while  those  of  female  rats  did  not.  Exposure-related 
histopathological  lesions  In  rats  exposed  to  the  highest  concentration  of  SY 

3 

dye  (100  mg/m  )  consisted  of  pigment  deposition  In  the  nasal  cavity,  liver, 
and  kidney.  In  the  lungs,  accumulation  of  foamy  alveolar  macrophages 
containing  minimal  pigment  was  noted  In  one  male.  After  a  four-week  recovery 
period,  the  amount  of  pigment  deposited  was  slightly  decreased.  Minimal  lung 

3 

lesions  were  noted  in  two  rats.  Exposure  of  rats  to  10  mg/m  of  SY  dye  did 
not  result  In  lesions.  Only  pigment  deposition  In  the  nasal  cavity  was  noted 
and  to  a  much  lesser  degree  than  was  noted  at  the  high  dose  exposure.  After  a 
four-week  recovery  period,  the  pigment  deposition  In  the  nasal  cavity  was 
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still  present.  No  compound-related  hlstomorphologlcal  changes  were  seen  In 

3 

the  tissues  examined  from  rats  exposed  to  1  mg/m  of  SY  dye.  No  other 

toxlcologlcally  significant  effects  were  observed  In  exposed  animals  as 

compared  to  control  rats.  Therefore,  the  no-observable-adverse  effects  level 

3 

for  SY  dye  Inhalation  exposures  was  10  mg/m  for  this  particular  exposure 
regime. 

Male  and  female  F344  rats  were  also  exposed  by  Inhalation  to  1.1  t 
0.5,  10.2  ±  3.1  or  101  ±  23  mg/m3  (mean  t  SO)  of  SY/S6  dye  aerosol  for 
6  hr/day,  5  days/wk  for  a  period  of  90  days.  The  average  particle  size  of 
these  aerosols  ranged  from  2.8  to  4.2  urn  (mass  median  aerodynamic 
diameter).  After  exposures,  the  SY  portion  of  this  dye  mixture  (01)  cleared 
from  lungs  at  a  rapid  rate,  but  substantial  amounts  of  the  SG  portion  of  this 
dye  mixture  (TA)  remained  In  lungs  for  an  extended  period  after  the  exposure. 
As  In  the  90-day  exposure  study  to  SY  dye,  rats  exposed  to  the  highest 
concentration  of  3Y/SG  dye  mixture  gained  weight  at  a  slower  rate  than  the 
other  experimental  groups  of  animals.  However,  after  the  30-day  post-exposure 
period,  only  females  returned  to  control  body  weight  values.  Analy'H  of 
bronchoal veolar  lavage  fluid  Indicated  an  Inflammatory  response  only  In  the 

3 

lungs  of  rats  exposed  to  the  highest  concentration  of  SY/SG  dye  (100  mg/m  ), 
which  was  present  after  6  weeks  of  exposure,  did  not  worsen  after  13  weeks  of 
exposure,  and  was  still  present  after  the  30-day  recovery  period.  Increased 
acid  proteinase  In  the  highest  two  exposure  levels  at  the  end  of  exposure 
suggested  an  Inflammatory  response.  However,  after  30-day  post-exposure 
period,  only  the  highest  exposure  level  was  still  Increased,  suggesting  a 
gradual  reduction  In  severity  over  time.  Exposure-related  hlstopathologlcal 
lesions  in  rats  exposed  to  the  highest  concentration  of  SY/SG  dye  (100 
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minimal  amounts  of  pigment  In  the  lungs.  These  accumulations  were  accompanied 
by  hyperplasia  of  Type  II  pneumocytes.  Similarly,  foamy  macrophages  with 
pigment  had  accumulated  In  the  tracheobronchial  lymph  nodes.  Pigment 
deposition  was  noted  In  the  nasal  cavity,  liver,  and  kidney.  After  a  30-day 
recovery  period,  these  lesion:  were  decreased  In  severity  with  the  exception 
of  foamy  macrophages  In  the  tracheobronchial  lymph  nodes  which  were  slightly 

3 

Increased.  Exposure  of  rats  to  10  mg/m  of  SY/SG  dye  resulted  In  minimal 

lesions  In  the  lungs  and  tracheobronchial  lymph  nodes  of  a  few  rats  and 

pigment  deposition  In  the  nasal  cavity  to  a  much  lesser  degree  than  was  noted 

at  the  high  dose  exposure.  After  a  30-day  recovery  period,  these  minimal 

lesions  were  essentially  unchanged.  No  compound-related  hlstomorphologlcal 

3 

changes  were  seen  In  the  tissues  examined  from  animals  exposed  to  1  mg/m  of 
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Green  component  of  yellow/green  dye:  green  dye,  solvent  green,  SG 
Major  compound  In  yellow  dye:  2-(2'-qu1nolinyl)-l ,3-1ndandione,  QI 
Major  compound  In  green  dye:  1 ,4-dl-p-toluldlnoanthraqutnone,  TA 
Stock  yellow  dye:  yellow  dye  Mvent  yellow,  SY 
Stock  yellow/green  dye:  yellow/green  dye  mix,  SY/SG 
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PATHOLOGY  SUMMARY 


EXPERIMENTAL  PATHOLOGY  LABORATORIES,  INC. 

LOVELACE  PROJECT  NUMBER  RZ-79 

13  WEEK  AND  17  WEEK  INHALATION  STUDY  ON 
SOLVENT  YELLOW  DYE 

PATHOLOGY  SUMMARY 

A  histopathologic  evaluation  of  selected  tissues  from  male  and 
female  rats  exposed  to  Solvent  Yellow  Dye  was  conducted  to  provide 
Information  on  the  inhalation  toxicity  of  dyes  present  in  colored  smoke 
munitions.  The  experimental  design  for  this  study  was  as  follows: 


Number  of  Animals 

13-Week  Sacrifice  17-Week  Sacrifice 


Group 

Concentration 

Males 

Females 

Males 

Females 

C 

Control 

10 

10 

10 

10 

L 

Low  Exposure  Concentration 

10 

10 

10 

10 

M 

Medium  Exposure 

Concentration 

10 

10 

10 

10 

H 

High  Exposure  Concentration 

10 

10 

10 

10 

According  to  protocol,  routine  hematoxylin  and  eosin  stained 
slides  from  the  following  tissues  were  prepared  for  all  animals:  skin, 
tracheobronchial  lymph  node,  popliteal  lymph  node,  spleen,  femur, 
larynx,  nasal  cavity  (four  levels),  trachea,  lung  (four  lobes),  heart, 
stomach,  duodenum,  cecum,  colon,  liver,  pancreas,  kidneys,  urinary 
bladder,  epididymis,  testis,  prostate,  uterus,  ovary,  adrenal,  thyroid, 
brain,  pituitary,  eyes,  and  any  gross  lesions.  Microscopic  evaluation 
was  performed  on  all  of  the  listed  tissues  from  the  control  and  high 
dose  groups.  Tissues  from  the  lower  levels  were  evaluated  to  determine 
a  no-effect  level  for  each  tissue  having  a  treatment-related  effect. 
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In  general,  the  tissues  called  for  to  be  examined  by  protocol 
are  represented  in  the  Histopathology  Incidence  Tables.  Only  a  few 
tissues  were  Inadvertently  missed  at  the  time  of  necropsy  or  lost  during 
istologic  processing.  In  some  Instances,  the  posterior  portion  of  the 
nasal  cavity  had  been  damaged  and  complete  sections  of  four  levels  of 
the  nasal  cavity  could  not  be  obtained. 

Microscopic  findings  for  each  tissue  examined  from  each  animal 
are  listed  In  the  Histopathology  Incidence  Tables.  All  lesions  are  sum¬ 
marized  by  treatment  groups  In  the  Summary  Incidence  Tables  together 
with  the  total  number  of  animals  In  each  group  for  which  the  tissues 
were  examined.  A  tabulation  of  gross  lesions  observed  at  the  time  of 
necropsy  with  the  corresponding  microscopic  change,  if  appropriate.  Is 
given  in  the  Correlation  of  Gross  and  Microscopic  Findings  Tables.  The 
descriptions  of  gross  findings  on  these  tables  were  transcribed  from  the 
Individual  Animal  Necropsy  Sheets  prepared  at  the  time  the  necropsies 
were  performed. 


RESULTS 

13-Wee'-  Sacrifice 

Inhalation  of  Solvent  Yellow  Dye  at  the  high  exposure  con¬ 
centration  for  13  weeks  resulted  in  submucosal  pigment  deposition  In 
the  nasal  cavity  of  all  rats.  The  pigment  deposition  was  heaviest  at 
£  Level  III  and  Level  IV.  In  the  kidneys,  an  increase  In  granular  pigment 

located  in  the  cortical  tubules  was  noted  in  all  high  dose  rats.  In 

'  / 

. 

the  male  rats,  there  was  also  an  increase  In  the  incidence  of  lesions 

F* 
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'characteristic  of  early  chronic  nephropathy,  namely  foci  of  regenerative 
tubular  epithelium,  casts,  and  foci  of  mononuclear  cells.  However, 
these  lesions  are  commonly  noted  in  rats  of  this  age  and  strain  and  were 
only  minimal  to  slight  in  severity.  In  the  liver,  minimal  to  slight 
granules  of  pigment  were  noted  in  the  bile  duct  epithelium  or  hepatocytes 
adjacent  to  the  bile  duct  in  all  high  dose  rats.  In  the  lung,  minimal 
focal  accumulations  of  foamy  appearing  alveolar  macrophages  containing  a 
minimal  amount  of  pigment  were  noted  in  the  alveoli  adjacent  to  the 
respiratory  bronchioles  In  one  male.  This  lesion  was  accompanied  by 
minimal  hyperplasia  of  Type  II  cells  (granular  pneumocytes) . 

In  the  rats  exposed  to  Solvent  Yellow  Dye  at  the  medium 
exposure  concentration,  only  nasal  cavity,  lung,  liver,  and  kidneys  were 
examined.  In  the  nasal  cavity,  minimal  submucosal  pigment  was  noted  at 
Level  III  In  three  males  and  two  females,  and  at  Level  IV  in  five  males 
and  seven  females.  Pigment  deposition  in  the  kidneys  was  comparable  to 
the  controls.  In  the  liver,  minimal  granules  of  pigment  were  noted  in 
two  females.  No  lesions  attributable  to  treatment  were  noted  in  the 
sections  of  lung  examined. 

In  the  rats  exposed  to  Solvent  Yellow  Dye  at  the  low  exposure 
concentration,  the  nasal  cavity  was  examined  from  both  sexes;  the  liver 
was  also  examined  from  the  females.  No  compound-related  histomorpho- 
logic  alterations  were  noted  In  either  of  these  tissues. 

17-Week  Sacrifice 

Inhalation  of  Solvent  Yellow  Dye  at  the  high  exposure  con¬ 
centration  for  13  weeks  followed  by  a  four-week  recovery  period  resulted 
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'  In  submucosal  pigment  deposition  In  the  nasal  cavity  of  all  rats.  This 
pigment  deposition  was  heaviest  at  Level  III  and  Level  IV  and  was 
slightly  less  severe  than  was  noted  at  the  13-week  sacrifice.  In  the 
kidney  tubules.  Increased  tubular  pigment  was  noted  and  appeared  to  be 
less  severe  than  that  noted  at  the  13-week  sacrifice.  The  incidence  of 
early  chronic  nephropathy  was  comparable  to  that  of  the  controls.  In 
the  liver,  pigment  deposition  In  the  bile  duct  epithelium  was  comparable 
to  that  noted  after  13  weeks  exposure.  In  the  lungs,  two  males  had 
minimal  focal  accumulations  of  foamy  appearing  alveolar  macrophages  con¬ 
taining  a  minimal  amount  of  pigment.  These  accumulations  were  accom¬ 
panied  by  minimal  hyperplasia  of  Type  II  cells  (granular  pneumocytes) . 

In  the  rats  exposed  to  Solvent  Yellow  Dye  at  the  medium 
exposure  concentration  for  13  weeks  followed  by  a  four  week  recovery 
period,  only  nasal  cavity,  lung,  liver,  and  kidneys  were  examined.  In 
the  nasal  cavity,  minimal  submucosal  pigment  was  noted  at  Level  III  In 
two  males  and  four  females  and  at  Level  IV  In  six  males  and  eight 
females.  Slight  submucosal  pigment  was  noted  at  Level  IV  in  an 
additional  male.  Pigment  deposition  in  the  kidneys  was  comparable  to 
the  controls.  Ho  lesions  attributable  to  treatment  were  noted  In  the 
lung  or  liver. 

In  the  rats  exposed  to  Solvent  Yellow  Dye  at  the  low  exposure 
concentration,  only  the  nasal  cavity  was  examined.  No  compound-related 
histomorphological  alterations  were  noted  in  these  sections. 

Spontaneous  disease  lesions  and  incidental  findings  occurred 
in  rats  in  both  control  and  treated  groups  at  both  sacrifice  intervals. 
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-  These  lesions  were  distributed  with  approximately  equal  frequency  In 
test  and  control  rats. 


CONCLUSIONS 

Exposure  of  rats  to  Solvent  Yellow  Dye  at  the  high  exposure 
concentration  for  13  weeks  resulted  In  pigment  deposition  In  the  nasal 
cavity,  liver,  and  kidney.  In  the  lungs,  accumulation  of  foamy  alveolar 
macrophages  containing  minimal  pigment  was  noted  in  one  male.  Aftor  a 
four-week  recovery  period,  the  pigment  deposition  was  slightly  decreased 
In  severity.  Minimal  lung  lesions  were  noted  In  two  rats. 

Exposure  of  Solvent  Yellow  Dye  at  the  medium  exposure  con¬ 
centration  for  13  weeks  resulted  In  pigment  deposition  In  the  nasal 
cavity  to  a  much  lesser  degree  than  was  noted  at  the  high  dose  exposure. 
After  a  four-week  recovery  period,  the  pigment  deposition  In  the  nasal 
cavity  was  still  present. 

Exposure  of  rats  to  Solvent  Yellow  Dye  at  the  low  exposure 
concentration  did  not  result  In  any  compound-related  hi stomorphologic 
changes  In  the  tissues  examined. 
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Deborah  a  7  bAnAs,  D.v.rt.,  m.s. 
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QUALITY  ASSURANCE 
REPORT  CERTIFICATION 


Lovelace  Biomedical  and  Environ¬ 
ment  Name  mental  Research  Institute,  Inc.  Client  Study  No.  RZ-79 

Study  Director  Dr.  Larry  A.  Ackerman  Pathologist  Dr.  Deborah  A.  Banas 

Study  Title  13  Week  and  17  Week  Inhalation  Study  on  Solvent  Yellow  Dye 

Test  Article  _ Solvent  Yellow  Dye _ Species  _ Rats _ 


All  parts  of  the  pathology  phase  of  this  study.  Including  the  final  report, 
were  reviewed  by  Experimental  Pathology  Laboratories  Quality  Assurance  Unit 
on  April  23,  1985  through  August  27,  1985  .  All  findings  were  reported 

to  the  Study  Director  and  Management. 
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13  Week  Sacrifice 
Jlale  Rats 
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NASAL  CAVITY-LEVEL  I 


NO.  EXAMINED) 


Serous  Exudate 


Hemorrhage 


,  Submucosal  Pi gment  Deposition 
'•  Nonsuppurative  Rhinitis 


Hyperplasia  of  Goblet  Cells 


I  Suppurative  Exudate 

Inflammation  of  Nasolacrimal 
I  Duct 


ft 


['NASAL  CAVITY-LEVEL  II 


VNO.  EXAMINED) 


Serous  Exudate 


Hemorrhage 

Submucosal  Pigment  Deposition 
Inflammation  of  Nasolacrimal 

Duct _  _ 

Nonsuppurative  Rhinitis 
Cystic  Glands 


!  f'JASAL  CAVITY-LEVEL  III  _ 
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LOVELACE  INHALATION  TOXICOLOGY  RESEARCH  INSTITUTE 


90  DAY  REPEATEO  INHALATION  EXPOSURES  OP  RATS  TO 
SOLVENT  YELLOW-GREEN  DYE  MIXTURE 


PATHOLOGY  SUMMARY 


A  histopathologic  evaluation  of  selected  tissues  from  male  and 
female  rats  exposed  to  Solvent  Yellow-Green  Dye  Mixture  was  conducted  to 
provide  inforw.atlon  on  the  Inhalation  toxicity  of  dyes  present  in 
colored  smoke  munitions.  The  experimental  design  for  this  study  was  as 
follows : 


Group 


Treatment 


Dose* 
(mg/m^ ) 


Number  of  Animals 
90  Day  30  Day 
Sacrifice  Recovery 


Control s 

Low  Exposure  Concentration 
Medium  Fxposure  Concentration 
High  Exposure  Concentration 


♦Rats  were  exposed  six  hours/day,  five  days/week  for  thirteen  weeks. 
**0ne  animal  escaped. 


According  to  protocol,  routine  hematoxylin  and  eosln  stained 
slides  from  the  following  tissues  were  prepared  for  all  animals:  skin, 
tracheobronchial  lymph  node,  popliteal  lymph  node,  spleen,  femur, 
larynx,  nasal  cavity  (four  levels),  trachea,  lung  (four  lobes),  heart, 
stomach,  duodenum,  cecum,  colon,  liver,  pancreas,  kidneys,  urinary 
bladder,  epididymis,  testis,  prostate,  uterus,  ovary,  adrenal,  thyroid, 
brain,  pituitary,  eyes,  and  any  gross  lesions.  Microscopic  evaluation 
was  performed  on  all  of  the  listed  tissues  from  the  control  and  high 
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dose  groups.  Tissues  from  the  lower  levels  were  evaluated  to  determine 
a  no-effect  level  for  each  tissue  having  a  treatment- related  effect. 

In  general,  the  tissues  called  for  to  be  examined  by  protocol 
are  represented  In  the  Hlstopathology  Incidence  Tables.  Only  a  few 
tissues  were  Inadvertently  missed  at  the  time  of  necropsy  or  lost  during 
histologic  processing.  In  some  Instances,  the  posterior  portion  of  the 
nasal  cavity  had  been  damaged  and  complete  sections  of  four  levels  of 
the  nasal  cavity  could  not  be  obtained. 

Microscopic  findings  for  each  tissue  examined  from  each  animal 
are  listed  in  the  Hi stopathol ogy  Incidence  Tables.  All  lesions  are 
summarized  by  treatment  groups  In  the  Summary  Incidence  Tables  together 
with  the  total  number  of  animals  In  each  group  for  which  the  tissues 
were  examined.  A  tabulation  of  gross  lesions  observed  at  the  time  of 
necropsy  with  the  corresponding  microscopic  change,  If  appropriate.  Is 
given  In  the  Correlation  of  Gross  and  Microscopic  Findings  Tables.  The 
descriptions  of  gross  findings  on  these  tables  were  transcribed  from  the 
Individual  Animal  Necropsy  Sheets  prepared  at  the  time  the  necropsies 
were  performed. 

RESULTS 

Ninety-Day  Exposure 

Inhalation  of  Solvent  Yellow-Green  Dye  Mixture  at  100  mg/m^ 
six  hours/day,  five  days/week  for  thirteen  weeks  resulted  in  changes  in 
the  lungs,  nasal  cavity,  tracheobronchial  lymph  node,  kidneys,  and 
liver.  In  the  lungs,  slight  to  moderate  accumulations  of  foamy 
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.  appearing  alveolar  macrophages  containing  minimal  to  slight  amounts  of 
pigment  were  noted  In  the  alveoli  adjacent  to  the  respiratory 
bronchioles  In  all  high  dose  rats.  These  accumulations  of  alveolar 
macrophages  were  accompanied  by  slight  to  moderate  hyperplasia  of  Type 
II  cells  (granular  pneumocytes) .  In  the  nasal  cavity,  submucosal 
pigment  deposition  was  noted  at  most  levels  in  nearly  all  high  dose 
rats.  The  pigment  deposition  was  heaviest  at  Level  111  and  Level  IV. 

In  the  tracheobronchial  lymph  node,  hyperplasia  of  foamy  macrophages 
(reticuloendothelial  cel  1 s 1  with  minimal  pigment  deposition  and  slight 
to  moderately  severe  lymphoid  hyperplasia  were  present.  In  the  kidneys, 
an  Increase  In  granular  pigment  present  In  the  cortical  tubules  was 
noted  In  all  high  dose  rats.  In  the  liver,  minimal  granules  of  pigment 
were  noted  In  the  bile  duct  epithelium  or  hepatocytes  adjacent  to  the 
bile  ducts  In  all  high  dose  rats. 

In  the  rats  exposed  to  Solvent  Yellow-Green  Dye  Mixture  at 
10  mg/m  ,  only  lung,  nasal  cavity,  tracheobronchial  lymph  node, 
liver,  and  kidneys  were  examined.  Minimal  lung  lesions  similar  to  those 
noted  In  the  high  dose  rats  occurred  in  three  males  and  three  females. 
The  lesions  were  single  lesions  and  tended  to  be  at  the  margins  of  the 
lung  lobes.  In  the  nasal  cavity,  minimal  submucosal  pigment  was  noted 
at  Level  III  In  one  male  and  four  females,  and  at  Level  IV  In  two 
females.  In  tracheobronchial  lymph  nodes,  hyperplasia  of  foamy 
macrophages  with  minimal  pigment  deposition  was  noted  in  two  males  and 
two  females.  Lymphoid  hyperplasia  was  noted  in  an  additional  male. 
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Pigment  deposition  In  the  kidneys  was  comparable  to  the  controls.  In 
the  liver,  minimal  granules  of  pigment  were  noted  In  two  females. 

In  the  rats  exposed  to  Solvent  Yellow-Green  Dye  Mixture  at 
1  mg/m^,  the  lung  and  nasal  cavity  were  examined  from  both  sexes;  the 
liver  was  also  examined  from  the  females.  No  compound- related  histo- 
morphologlc  alterations  were  noted  In  any  of  these  tissues* 

Thirty-Day  Recovery 

Inhalation  of  Solvent  Yellow-Green  Dye  Mixture  at  100  my/m  for 
ninety  days  followed  by  a  thirty-day  recovery  period  resulted  In  lung 
lesions  similar  to  those  noted  after  ninety  days,  but  marginally  less 
severe.  Additionally,  in  the  lungs,  a  few  of  the  foamy  macrophages  con¬ 
taining  pigment  were  present  In  the  peribronchial  lymphoid  cuffs,  a 
feature  not  present  after  ninety  days  exposure.  In  the  nasal  cavity, 
submucosal  pigment  deposition  was  present  at  most  levels  In  nearly  all 
high  dose  rats,  but  appeared  to  be  slightly  less  severe  than  was  noted 
after  ninety  days.  In  the  tracheobronchial  lymph  nodes,  hyperplasia  of 
foamy  macrophages  containing  a  minimal  amount  of  pigment  was  slightly 
more  severe  than  was  noted  after  ninety  days  exposure.  Lymphoid 
hyperplasia  was  essentially  comparable.  In  the  kidney  tubules,  the 
Increased  tubular  pigment  was  less  severe  than  was  noted  after  ninety 
days.  In  the  liver,  pigment  deposition  In  the  bile  duct  epithelium  was 
comparable  to  that  noted  after  ninety  days  exposure. 

In  the  rats  exposed  to  Solvent  Yellow-Green  Dye  Mixture  at 
3 

10  mg/m  for  ninety  days  followed  by  a  thirty-day  recovery  period,  only 
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lung,  nasal  cavity,  tracheobronchial  lymph  node,  liver  and  kidneys  were 
examined.  Lesions  similar  to  those  noted  at  this  level  after  ninety 
days  exposure  were  present.  Minimal  lung  lesions  were  noted  in  two  rats 
of  each  sex  and  submucosal  pigment  deposition  was  noted  in  the  nasal 
cavity  of  single  rats  of  each  sex  at  Level  II,  six  males  and  five 
females  at  Level  III,  and  two  males  and  six  females  at  Level  IV.  In 
the  tracheobronchial  lymph  node,  of  one  male,  lymphoid  hyperplasia  was 
present,  but  hyperplasia  of  foamy  macrophages  was  net  present  in  any  of 
the  lymph  nodes  examined.  Pigment  deposition  In  the  kidneys  was 
comparable  to  the  controls  and  no  pigment  deposition  was  noted  in  the 
liver. 

No  compound-related  hi stomorphologic  alterations  were  noted  In 
the  lung  and  nasal  cavity  of  rats  exposed  to  1  mg/m3  for  ninety  days 
followed  by  a  thirty-day  recovery  period. 

Spontaneous  disease  lesions  and  incidental  findings  occurred  In 
rats  In  both  control  and  treated  groups  at  both  sacrifice  Intervals. 
These  lesions  were  distributed  with  approximately  equal  frequency  in 
test  and  control  rats. 

CONCLUSIONS 

Exposure  of  rats  to  Solvent  Yellow-Green  Dye  Mixture  at 
3 

100  mg/m  for  six  hours/day,  five  days/week  for  thirteen  weeks  resulted 
in  accumulations  of  foamy  alveolar  macrophages  containing  minimal 
amounts  of  pigment  In  the  lungs.  These  accumulations  were  accompanied 
by  hyperplasia  of  Type  II  pneumocytes.  Similarly,  foamy  macrophages 
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with  pigment  had  accumulated  In  the  tracheobronchial  lymph  nodes. 
Pigment  deposition  was  noted  In  the  nasal  cavity,  liver,  and  kidney. 
After  a  thirty-day  recovery  period  these  lesions  were  decreased  in 
severity  with  the  exception  of  foamy  macrophages  In  the  tracheobronchial 
lymph  nodes  which  were  slightly  increased. 

Exposure  of  rats  to  Solvent  Yellow-Green  Dye  Mixture  at 
10  mg/nr  resulted  in  only  minimal  lesions  in  the  lungs  and  tracheobron¬ 
chial  lymph  nodes  of  a  few  rats  and  pigment  deposition  in  the  nasal 
cavity  to  a  much  lesser  degree  than  was  noted  at  the  high  dose  exposure. 
After  a  thirty-day  recovery  period,  these  minimal  lesions  were 
essentially  unchanged. 

Exposure  of  rats  to  Solvent  Yellow-Green  Dye  Mixture  at  1  mg/m 
did  not  result  in  any  compound-related  hi stomorphol ogic  changes  in  the 
tissues  examined. 

Veterinary  Pathologist 


V.M. ,  M.S. 
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QUALITY  ASSURANCE 
REPORT  CERTIFICATION 


Lovelace  Inhalation 

Client  Name  Toxicology  Research  Institute  Client  Study  No.  RZ-75 


Study  Director  Dr.  Larry  Ackerman  Pathologist  Dr,  Deborah  Banas 

90  Day  Repeated  Inhalation  Exposures  of  Rats  to  Solvent 
Study  Title  Yellow-Green  Dye  Mixture 


Test  Article  Solvent  Yellow-Green  Dye 


Species  Rats 


All  parts  of  the  pathology  phase  of  this  study,  including  the  final  report, 
were  reviewed  by  Experimental  Pathology  Laboratories  Quality  Assurance  Unit 
on  April  10,  1985  through  August  13,  1985  All  findings  were  reported 
to  the  Study  Director  and  Management. 
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I  I  Group 

_  L 

LUNG  (NO.  EXAMINED) _ (10) 

Accumulations  of  Foamy 
Macrophages 

Hyperplasia  of  Type  II  Cells 
Pigment  Deposition 
Adhesion 
Hemorrhage 

Peribronchial  Lymphoid 
Hyperplasia  10 


NASAL  CAVITY-LEVEL  I 

(NO.  EXAMINED)  (10) 

Hemorrhage 

Submucosal  Pigment  Deposition 
Congestion 
Serous  Exudate 
Foreign  Material 
Nonsuppurative  Rhinitis 
Cystic  Glands 


NASAL  CAVITY-LEVEL  II _ ■ _ 

(NO.  EXAMINED) _  (10) 

Hemorrhage 

Submucosal  Pigment  Deposition 
Inflammation  of  Nasolacrimal 
Duct 

Foreign  Body  ■ 

Focal  Squamous  Metaplasia 

Focal  Inflammation  i 

Congestion _ j _ 
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90  Day  Sacrifice 
Male  Rats 


Group 

L 

Group 

0 

KIDNEY  (CONTINUED) 

Foci  of  Mononuclear  Cells 

■ 

3 

Pigment  Deposition 

10 

10 

LIVER  (NO.  EXAMINED) 

(10) 

(10) 

Bile  Duct  Hyperplasia 

1 

Foci  of  Mononuclear  Cells 

2 

3 

Cholangiofibrosi  s 

1 

Pigment  Deposition 

o 

[ 

BRAIN  (NO.  EXAMINED) 

(10) 

(10) 

P 

PITUITARY  (NO.  EXAMINED) 

(10) 

(9) 

ADRENAL  (NO.  EXAMINED) 

(10) 

(10) 

hemorrhage 

1 

Vacuolated  Cortical  Cells 

1 

L 

EYE  (NO.  EXAMINED) 

(10) 

(10) 

Corneal  Subepi thel ial 

Basophilia 

' 

1 

|  ■■ 

THYROID  (NO.  EXAMINED) 

(9) 

(9) 

LARYNX  (NO.  EXAMINED) 

(9) 

(9) 

Foci  of  Mononuclear  Cells 

■ 
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^•RACHEA  (NO.  EXAMINED) 

(10) 

hi-  Hemorrhage  ' 

1  i 

!  i 

■'.IE ART  (NO.  EXAMINED) 

(10) 

|  Nonsuppurative  Myocarditis 

8 

Pigment  Deposition  1 

1 

t _ 

!;“.PLEEN  (NO.  EXAiMINED) 

(10) 

t  _  _ ___  _  _ 

•PANCREAS  (NO.  EXAMINED) 

(10) 

r  .  _ 

] LYMPH  NODE.  POPLITEAL 

gNO.  EXAMINED) 

(7) 

r 

•Stomach  (no.  examined) 

(10) 

f 

fcuJODEN'JM  (NO.  EXAMINED) 

(10) 

| 

J CECUM  (NO.  EXAMINED) 

(10) 

!•;  Nematodiasls 

4 

. 10L0N  (NO.  EXAMINED) 

(10) 

j  Nematodiasis 

ji>KlN  (NO.  EXAMINED) 

(10) 

1 

.  ESTIS  (NO.  EXAMINED) 

(10) 

1  Atrophy 

1 
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EPIDIDYMIS  (NO.  EXAMINED) 


Spermatic  Granuloma 

1 

Aspermia 

1 

1 

PROSTATE  (NO.  EXAMINEO) 

(10) 

(9) 

Nonsuppurative  Prostatitis 

1 

URINARY  BLADDER  (NO.  EXAMINED) 

(10) 

(10) 

FEMUR  (NO.  EXAMINED) 

(10) 

(9) 

ADIPOSE  TISSUE  (NO.  EXAMINED) 

(10) 

STERNUM  (NO.  EXAMINED) 

(1) 
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frtNG  (NO.  EXAMINEO) _ ;  (10)  '  (10)  !  (10) 

•Accumulations  of  Foamy  !  ;  ! 

Macrophages  i  '  10  ; 

•Hyperplasia  of  Type  II  Cells  !  10 

Pigment  Deposition  i  10 

•'.Adhesion  1  ' 

Hemorrhage  i 

•  Peribronchial  Lymphoid 

Hyperplasia  8  10  6 


SASAL  CAVITY-LEVEL  1 

(NO.  EXAMINED) 

(9) 

(10) 

(10)  (10) 

^  Hemorrhage 

Submucosal  Pigment  Deposition 

4 

• 

Congestion 

1 

Serous  Exudate 

1 

H  Foreign  Material 

1 

•  Nonsuppurative  Rhinitis 

.  Cystic  Glands 

NASAL  CAVITY-LEVEL  II 

NO.  EXAMINED) 

(9) 

(10) 

(8)  (9) 

Hemorrhage 

Submucosal  Pigment  Deposition  10 

Inflammation  of  Nasolacrimal 
Duct  1  2 

Foreign  Body 
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